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EXECUTIVE SUMMARY 
Groundwater Management Area 1 (GMA 1) Groundwater Conservation Districts (GCDs or 
Districts) prepared this Explanatory Report for Desired Future Conditions (DFCs) for the Ogallala, 
Rita Blanca, and Dockum aquifers to comply with the requirements of Texas Water Code (TWC), 
Section 36.108. The Districts include all of Hemphill County Underground Water Conservation 
District (Hemphill UWCD), North Plains Groundwater Conservation District (North Plains GCD), 
Panhandle Groundwater Conservation District (Panhandle GCD), and part of High Plains 
Underground Water Conservation District No. 1 (High Plains UWCD). GMA 1 Districts prepared 
this Explanatory Report in compliance with the TWC and administrative rules of the Texas Water 
Development Board (TWDB) found in Title 31 Texas Administrative Code (TAC) Chapter 356. 

The GCDs located in GMA 1 are local political subdivisions of the state pursuant to TWC Chapter 
36 and their specific enabling statutes. GMA 1 Districts fulfilled the requirements for adopting 
DFCs through cooperation and joint planning efforts. 

On August 26, 2021, GMA 1 Districts Representatives unanimously adopted DFCs for the relevant 
aquifers within the management area. 

The Ogallala Aquifer and the Rita Blanca Aquifer are combined for joint-planning purposes. Any 
references to the “Ogallala Aquifer” in this document shall also include and apply to any 
groundwater in the Rita Blanca Aquifer in GMA 1. 

Ogallala Aquifer (Inclusive of Rita Blanca): 

• At least 40 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Dallam, Hartley, Moore, and Sherman counties.  

• At least 50 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Hansford, Hutchinson, Lipscomb, Ochiltree, Carson, Donley, Gray, Roberts, 
Wheeler, and Oldham Counties; and within the Panhandle District portions of Armstrong 
and Potter Counties.   

• At least 80 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Hemphill County.  

• Approximately 20 feet of total average drawdown for each 50-year period between 2012 
and 2080 in Randall County and within High Plains District in Armstrong and in Potter 
Counties.  

Dockum Aquifer: 

• At least 40 percent of the average available drawdown remaining for each 50-year period 
between 2018 and 2080 for Dallam, Hartley, Moore, and Sherman Counties  

• No more than 30 feet average decline in water levels for each 50-year period between 
2018 and 2080 in Oldham and Carson Counties and the Panhandle District portions of 
Potter and Armstrong Counties; and  
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• Approximately 40 feet average decline in water levels for each 50-year period between 
2012 and 2080 in Randall County and within High Plains District in Armstrong and 
Potter Counties.  

Additionally, GMA 1 District Representatives determined that the Blaine Aquifer in Wheeler 
County is non-relevant for joint planning purposes, as provided by in Title 31, TAC Chapter 356. 
This Explanatory Report incorporates the requisite documentation regarding the Blaine Aquifer’s 
non-relevant determination by GMA 1. 

GMA 1 District Representatives held 15 meetings over a three-year period for the purposes of joint 
planning in the management area, including October 23, 2018; January 11, 2019; March 28, 2019; 
August 26, 2019; October 28, 2019; December 12, 2019; February 18, 2020; May 21, 2020; June 
25, 2020; July 23, 2020; September 24, 2020; November 19, 2020; January 21, 2021; February 18, 
2021; and March 18, 2021. 
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1 GROUNDWATER MANAGEMENT AREA 1 JOINT PLANNING 
TWC Section 36.108(d-2) requires that DFCs proposed as part of joint planning in a management 
area must provide a balance between the highest practicable level of groundwater production and 
the conservation, preservation, protection, recharging, and prevention of waste of groundwater and 
control of subsidence in the management area. GMA 1 Districts established different DFCs 
throughout the management area based on a combination of policy and technical considerations that 
provide continued economic development of the area while providing for the reasonable long-term 
management of groundwater resources. 

GMA 1 Districts are local political subdivisions of the state pursuant to TWC Chapter 36 and their 
specific enabling statutes. Each GMA 1 District fulfills the requirements of TWC Section 36 
through cooperation and joint planning efforts. Oldham County, along with portions of Hartley, 
Hutchinson, Moore, and Randall counties are not within the jurisdiction of a GCD but are served 
for joint planning purposes by the GMA 1 Districts. The GMA 1 Districts last adopted DFCs within 
GMA 1 for the Ogallala Aquifer and the Dockum Aquifer on November 2, 2016. 

TWC Section 36.108(d-3) requires that district representatives in a groundwater management area 
adopt DFCs for all relevant aquifers in the management area. The districts must also produce an 
Explanatory Report documenting the process and factors considered and submit it to the TWDB. 
This Explanatory Report provides documentation that GMA 1 District Representatives considered 
during this round of joint planning all required Factors included in TWC Section 36.108(d)(1–9). 

TWC Chapter 36 requires districts within a management area to consider groundwater availability 
models (GAMs) and other data or information for the management area when proposing DFCs for 
the relevant aquifers within the management area for adoption. GMA 1 proposed DFCs for adoption 
on March 18, 2021, as required by TWC Section 36.108 (d-5). Consistent with TWC Section 
36.108(d), before proposing DFCs as required under TWC Section 36.108(d-2), GMA 1 District 
Representatives considered the following factors: 

(1) aquifer uses or conditions within the management area, including conditions that differ 
substantially from one geographic area to another. 
(2) the water supply needs and water management strategies included in the state water 
plan. 
(3) hydrological conditions, including for each aquifer in the management area the total 
estimated recoverable storage as provided by the executive administrator, and the average 
annual recharge, inflows, and discharge. 
(4) other environmental impacts, including impacts on spring flow and other interactions 
between groundwater and surface water. 
(5) the impact on subsidence. 
(6) socioeconomic impacts reasonably expected to occur. 
(7) the impact on the interests and rights in private property, including ownership and the 
rights of management area landowners and their lessees and assigns in groundwater. 
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(8) the feasibility of achieving the desired future condition. 

All information considered by GMA 1 District Representatives was determined to be applicable to 
one or more of the factors listed above. 

After considering and documenting each of the factors described above and other relevant scientific 
and hydrogeological data, if available, the Districts may establish different DFCs for: 

(1) each aquifer, subdivision of an aquifer, or geologic strata located in whole or in part 
within the boundaries of the management area; or 
(2) each geographic area overlying an aquifer in whole or in part or subdivision of an 
aquifer within the boundaries of the management area. 
 

This Explanatory Report: 

(1) identifies each DFC. 
(2) provides the policy and technical justifications for each desired future condition. 
(3) includes documentation that the Factors under Section 36.108(d) were considered by 
the districts and a discussion of how the adopted DFCs impact each factor. 
(4) lists other DFC options considered, if any, and the reasons why those options were 
not adopted. 
(5) discusses reasons why recommendations from public comments received by the 
districts were or were not incorporated into the DFCs. 
 

GMA 1 District Representatives held 16 meetings over a three-year period for the purposes of joint 
planning in the management area including October 23, 2018; January 11, 2019; March 28, 2019; 
August 26, 2019; October 28, 2019; December 12, 2019; February 18, 2020; May 21, 2020; June 
25, 2020; July 23, 2020; September 24, 2020; November 19, 2020; January 21, 2021; February 18, 
2021; March 18, 2021; and August 26, 2021. Table 1.1 shows the meeting dates during which the 
GMA 1 District Representatives considered each of the above required factors. During the January 
21, 2021 meeting, the District Representatives considered Factor 8 (Feasibility of achieving DFCs) 
and Factor 9 (other relevant information) in addition to reviewing factors 1 through 7.  
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Table 1.1  Schedule for GMA 1 Joint Planning including meeting dates dedicated to reviewing and 
considering each of the required factors under TWC Section 36.108(d).  

 

Main Joint Planning Topics 
for Meetings Ju

ly
Au

gu
st

Se
pt

em
be

r
O

ct
ob

er
N

ov
em

be
r

De
ce

m
be

r

Ja
nu

ar
y

Fe
br

ua
ry

M
ar

ch
Ap

ril
M

ay
Ju

ne
Ju

ly
Au

gu
st

Se
pt

em
be

r
O

ct
ob

er
N

ov
em

be
r

De
ce

m
be

r

Ja
nu

ar
y

Fe
br

ua
ry

M
ar

ch
Ap

ril
M

ay
Ju

ne
Ju

ly
Au

gu
st

Factor 1: Aquifer Uses and 
Conditions

Factor 2: Water Supply Needs and 
Management Strategies

Factor 3: Hydrological Conditions

Factor 4: Environmental Impacts

Factor 5: Impact on Subsidence

Factor 6: Socioeconomic Impacts

Factor 7: Private Property Interests 
and Rights

Factor 8: Feasibility of Achieving 
the DFCs

Factor 9: Other Relevant 
Information

Pumping Update to 2018 and 
Calibration Verification

Selection of Model Runs and 
Metrics for Evaluation

Model Runs, Presentation and 
Documentation

Propose DFC(s) for Adoption 
(Deadline May 1, 2021)

Public Comment Period

Final Adoption of DFCs (Deadline 
January 5, 2022)

2020 20212019
GMA 1 Joint Planning Schedule



 
 
 

 
DESIRED FUTURE CONDITIONS EXPLANATORY REPORT 
Groundwater Management Area 1  Page 4 

2 GROUNDWATER MANAGEMENT AREA 1 DESCRIPTION 
TWC Chapter 36 requires GCDs located entirely or partially within a GMA designated by TWDB 
to propose for adoption DFCs for the relevant aquifers within each groundwater management area 
by May 1, 2021. A DFC is defined as a quantitative description, adopted in accordance with TWC 
Section 36.108, of the desired condition of the groundwater resources in a management area at one 
or more specified future times. GMA 1 includes: Armstrong, Carson, Dallam, Donley, Gray, 
Hansford, Hartley, Hemphill, Hutchinson, Lipscomb, Moore, Ochiltree, Oldham, Potter, Randall, 
Roberts, Sherman, and Wheeler counties in the Texas Panhandle. 

GMA 1 is located entirely within and consists of 18 out of the 21 counties in TWDB Region A, also 
referred to as the Panhandle Water Planning Area (PWPA). According to the 2017 State Water Plan, 
GMA 1 is among the largest groundwater producing areas in the State. The 2021 Panhandle 
Regional Water Plan (PRWP) estimates over 92 percent of water is used for agricultural purposes. 
The area included 1.5% of the total state population in 2016, while accounting for about fifteen 
percent of the State’s annual water use. According to the 2021 PRWP, in 2020, groundwater 
provided 97 percent of total supply, surface water accounted less than one percent, and other 
supplies (e.g., reuse and surface water supplies that cannot be easily quantified—stock ponds) 
accounted for two percent of total supply in the PWPA. Due to the scarcity of locally developable 
surface water supplies, any additional water needed for the basin will likely come from groundwater 
or reuse of existing supplies.  

Future irrigation water use is expected to decline due to a combination of factors, including 
projected insufficient quantities of groundwater to meet irrigation water demands, implementation 
of conservation practices, implementation of new crop types, and the use of more efficient irrigation 
technology. 

All or parts of 17 counties in GMA 1 are served by four GCDs as follows: 

• Hemphill UWCD, established in 1997, serving Hemphill County. 
• High Plains UWCD, established in 1951, serving portions of Potter, Randall, & 

Armstrong counties with the remainder of the district located in Groundwater 
Management Area 2. 

• North Plains GCD, established in 1955, serving all or part of Dallam, Hansford, Hartley, 
Hutchison, Lipscomb, Moore, Ochiltree, and Sherman counties. 

• Panhandle GCD, established in 1956, serving all or part of Armstrong, Carson, Donley, 
Gray, Hutchinson, Potter, Roberts, and Wheeler counties. 

Oldham County and portions of Hartley, Hutchinson, Moore, and Randall counties are not served 
by a GCD. The GCDs are collectively referenced to in this report as "GMA 1 Districts.” A map of 
GMA 1 District boundaries is shown in Figure 2.1. TWDB has identified one major aquifer 
(Ogallala Aquifer) and three minor aquifers (Blaine, Dockum and Rita Blanca aquifers) in GMA 1. 
Figure 2.2 is a map of the major aquifers in GMA 1. Figure 2.3 is a map of the minor aquifers in 
GMA 1. 
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Figure 2.1  GMA 1 District boundaries (TWDB, 2021). 
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Figure 2.2  GMA 1 Major Aquifers (TWDB, 2021)  

 



 
 
 

 
DESIRED FUTURE CONDITIONS EXPLANATORY REPORT 
Groundwater Management Area 1  Page 7 

Figure 2.3  GMA 1 Minor Aquifers (TWDB, 2021).  

 



 
 
 

 
DESIRED FUTURE CONDITIONS EXPLANATORY REPORT 
Groundwater Management Area 1  Page 8 

3 OGALLALA AQUIFER DESCRIPTION AND DESIRED 
FUTURE CONDITIONS 

 Ogallala Aquifer and Rita Blanca Aquifer Description 

 Ogallala Aquifer 
The Ogallala Aquifer is the largest water resource in the Great Plains. It is primarily an unconfined 
or water table aquifer that extends approximately 174,000 square miles from South Dakota, through 
Wyoming, Nebraska, Colorado, Kansas, New Mexico, and Oklahoma, to the Texas South Plains. 
In Texas, the Ogallala covers about 36,000 square miles through all or parts of 48 counties and 
contains approximately 233 million acre-feet of groundwater in storage in GMA 1 (Kohlrenken, 
2015).  

As the Southern Rocky Mountains began to uplift and the Cretaceous seas retreated, streams 
flowing east and southeast from the mountains cut channels into the pre-Ogallala surface of 
Permian, Triassic, Jurassic and Cretaceous strata. These streams along with eolian processes 
transported large sediment quantities east and southeast from the Rocky Mountains filling in the 
channels and creating a thick blanket of coalescing clay, silt and sand deposits of the Ogallala and 
associated formations. Eventually, a combination of the climate becoming more arid and the Pecos 
River incising northward through the Ogallala Formation in New Mexico, isolated the Ogallala in 
Texas from its Southern Rocky Mountains water and sediment source. Uplift continued and the 
Texas High Plains surface tilted southeastward (Knowles and others, 1984). Today, the Ogallala 
formation’s thickness ranges from zero to more than 900 feet in the Texas High Plains and is 
controlled, in part, by the depth of the sediment filled channels (paleochannels) at the base of the 
formation as well as by dissolution of salt in older rock strata below the formation. Today, the 
Ogallala’s greatest sediment thicknesses and groundwater saturated thicknesses in Texas occur in 
the northeastern part of the Panhandle. 

Interbedded sequences of unconsolidated to poorly consolidated clay, silt, and sands with minor 
sequences of gravel constitute most of the sediment deposited in the Ogallala Formation. The sands 
are generally tan, cream, yellow, or reddish brown, very fine to coarse-grained, sub-angular to sub-
rounded, and poorly to well sorted. The gravel is usually associated with sand, silt, and clay. On the 
Texas High Plains, the Ogallala Formation is generally capped by caliche near the surface. In 
addition to these caliche layers, caliche also occurs at depth and may represent older soil horizons. 

Driller’s logs describe Permian and Triassic sediment beneath the Ogallala formation as a 
combination of red clay, red sand and silt or red beds. Where Cretaceous sediment underlies the 
Ogallala, widespread yellow, blue, or black clay marks the unconformity. In local areas, the base 
of the Ogallala can be obscured by pre-Ogallala sediment with similar characteristics to basal 
Ogallala sand and gravel. The Ogallala Aquifer is partially hydraulically connected to underlying 
sandstones of the Cretaceous and Jurassic age Rita Blanca Aquifer in Dallam and Hartley counties; 
to the Santa Rosa sandstone at the base of the Triassic age Dockum Group and to Cretaceous age 
limestone of the Edwards Trinity Aquifer near Lubbock. 
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The Ogallala Aquifer is segregated into northern and southern portions by Palo Duro Canyon and 
a groundwater divide; both located along the Prairie Dog Town Fork of the Red River. 

Groundwater in the aquifer’s northern portion generally flows eastward and discharges through 
wells, into the Canadian and tributaries of the Red River in the eastern Panhandle or flows into 
Oklahoma. The aquifer is laterally hydraulically connected except where the Canadian River has 
eroded through the formation. The distribution of the depths of wells is shown in Figure 3.1 Over 
36,000 wells are shown in Figure 3.1 using data from the Texas Water Development Board 
Groundwater Database and Submitted Drillers Reports Database. Most, though not all, of these 
wells are completed into the Ogallala Aquifer. Well yields are also shown in Figure 3.1 and ranged 
from a few gallons per minute (gpm) to over 1,000 gpm.  
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Figure 3.1  Map of well depths in GMA 1 and the range of well yields. 
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 Rita Blanca Aquifer 
The Rita Blanca Aquifer, in Texas, is in northwest Dallam and Hartley counties. The aquifer is 
composed of Jurassic to Cretaceous age sediments that subcrop or truncate below the Ogallala 
sediments and overlie the older Dockum sediments. Christian (1989) described the sediments within 
the Rita Blanca Aquifer as follows: 

• Graneros Shale: Marine shale with fine grained mixed clastic sediment and limestone. 
(Cretaceous). 

• Dakota Group: (Undifferentiated, Glencairn Formation & Lytle Sandstone) fine- to 
coarse-grained sandstone, variegated clay, and pebbly beds. (Cretaceous). 

• Morrison Formation: mudstone, sandstone, siltstone and limestone (Jurassic); and 
• Exeter Sandstone: Coarse, evenly laminated, sandstone. (Jurassic). 

Cross-sections of geologic strata that comprise the Rita Blanca Aquifer modified from Christian 
(1989) are shown in Figure 3.2. The irregular lines between the rock strata in the cross-sections 
show unconformities, buried erosional surfaces where part of the geologic record has been removed. 
The cross-sections illustrate the paleochannels (ancient sediment filled stream and river channels) 
created at the base of the Ogallala sediments. 

According to TWDB Report 380 (George and others, 2011), groundwater production occurs from 
the coarse-grained sand and gravel layers of the Lytle and Dakota sediments as well as in the Exeter 
Sandstone and the Morrison Formation. In places, the Rita Blanca Aquifer is hydraulically 
connected to the overlying Ogallala Aquifer and the underlying Dockum Aquifer. Though the report 
goes on to say that irrigation accounts for most of the groundwater use from this aquifer, it notes 
that Texline uses the aquifer for municipal water supply. 
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Figure 3.2  Cross Sections of the Rita Blanca Aquifer compared to the Ogallala Aquifer and 
Dockum Aquifer (modified from Christian, 1989). 

 
 



 
 
 

 
DESIRED FUTURE CONDITIONS EXPLANATORY REPORT 
Groundwater Management Area 1  Page 13 

 Desired Future Conditions 
GMA 1 District Representatives unanimously adopted DFCs for the Ogallala Aquifer by resolution 
on August 26, 2021. 

The Ogallala Aquifer (inclusive of Rita Blanca) DFCs adopted by GMA 1 are as follows: 
• At least 40 percent of volume in storage remaining for each 50-year period between 2018 

and 2080 in Dallam, Hartley, Moore, and Sherman counties.  
• At least 50 percent of volume in storage remaining for each 50-year period between 2018 

and 2080 in Hansford, Hutchinson, Lipscomb, Ochiltree, Carson, Donley, Gray, Roberts, 
Wheeler, and Oldham Counties; and within the Panhandle District portions of Armstrong 
and Potter Counties.   

• At least 80 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Hemphill County.  

• Approximately 20 feet of total average drawdown for each 50-year period between 2012 
and 2080 in Randall County and within High Plains District in Armstrong and in Potter 
Counties.  

The resolution adopting DFCs for the Ogallala Aquifer is provided in Appendix I – DFC 
Documents. Documentation for this meeting including meeting postings, agenda package, and 
meeting supplements are provided in Appendix II - Meeting Documentation. The areas described 
by the DFCs above are shown in Figure 3.3.  
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Figure 3.3 GMA 1 Ogallala Aquifer DFCs Map 
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 Policy and Technical Justification 
TWC Section 36.108(d-2) requires that DFCs proposed as part of joint planning in the management 
area must provide “a balance between the highest practicable level of groundwater production and 
the conservation, preservation, protection, recharging, and prevention of waste of groundwater and 
control of subsidence in the management area.” GMA 1 District Representatives established 
different DFCs throughout the management area based on a combination of policy and technical 
considerations that support continued economic development of the area, while providing for the 
reasonable long-term management of groundwater resources consistent with Texas Water Code 
Section 36.1071(a). 

 Policy Justification 
GMA 1 Districts are local political subdivisions of the state pursuant to Chapter 36 and their specific 
enabling statutes created under Section 52, Article III, or Section 59, Article XVI, Texas 
Constitution. GMA 1 Districts collectively average over 50 years of management to provide for the 
conservation, preservation, protection, recharging, and prevention of waste of groundwater, and of 
groundwater reservoirs or their subdivisions consistent with the objectives of the Texas Constitution 
within their jurisdiction. In consideration of DFCs, each of the GMA 1 Districts reviewed their 
management plans and regulatory structures used in each of their jurisdictional areas based on their 
collective groundwater management experience. Each GMA 1 District fulfills the requirements of 
TWC Section 36.108 through cooperation and joint planning efforts with other GCDs in the GMA. 
Oldham County and portions of Hartley, Hutchinson, Moore, and Randall counties are not within 
the jurisdiction of a GCD but are served for joint planning purposes by the GMA 1 District 
Representatives. The GMA 1 Districts last adopted DFCs within GMA 1 for the Ogallala Aquifer 
in 2016. 

The GMA 1 Districts understand the relevance of the different adopted DFCs for the management 
area and that DFCs are not just numbers. The Ogallala Aquifer is the only groundwater supply in 
eight out of eighteen counties and is the primary water supply in the remaining ten counties in 
GMA 1. The aquifer is essentially the only reliable water source for most of GMA 1, as well as a 
water source for water transported out of the management area. The development of different 
Ogallala DFCs across the management area strikes a balance between the highest practicable level 
of groundwater production and the conservation, preservation, protection, recharging, and 
prevention of waste. 

The DFCs balance the need for water regarding agriculture, municipal and industrial uses as well 
as address spring flow and ecotourism, all drivers for the Texas Panhandle economy. GMA 1 
Districts are aware of the relationship of water to current and future property values as well as the 
economic and social value of leaving water for future generations when the GMA 1 Districts address 
current and future needs. 
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 Technical Justification 
GMA 1 District Representatives combine the Rita Blanca Aquifer and Ogallala Aquifer because of 
their functional relationship from a hydrogeological perspective. Any references to the “Ogallala 
Aquifer” in this report shall also include and apply to any groundwater in the Rita Blanca Aquifer. 
GMA 1 District Representatives adopted an Ogallala DFC for Dallam, Hartley, Moore and Sherman 
counties, collectively, based on at least 40 percent of volume in storage remaining for each 50-year 
period between 2018 and 2080 because those counties are experiencing: 

• High agriculture usage of the aquifer, 
• Above average rate of decline, 
• Very limited stream flow, and 
• High agriculture economic impacts. 

Setting a higher percent of volume in storage remaining would require massive reductions in 
agriculture groundwater pumping, increasing the adverse economic impacts to the area and 
individual property owners. 

GMA 1 Districts adopted an Ogallala Aquifer DFC of at least 50 percent of the volume in storage 
remaining for each 50-year period between 2018 and 2080 in Hansford, Hutchinson, Lipscomb, 
Ochiltree, Carson, Donley, Gray, Roberts, Wheeler, and Oldham counties because these areas are 
experiencing and are projected to continue to experience: 

• Moderate agriculture usage of the aquifer, 
• Significant municipal groundwater pumping in the area, 
• Average rates of decline, 
• Minimal stream flow, and 
• Moderate agriculture and municipal economic impact. 

GMA 1 District Representatives adopted an Ogallala Aquifer DFC in Randall County and within 
the High Plains UWCD in Armstrong and in Potter counties, collectively, of approximately 20 feet 
of total average drawdown for each 50-year period between 2012 and 2080 for the same conditions 
listed above and to provide the same consistent management framework that is used within the High 
Plains UWCD in Groundwater Management Area 2 (GMA 2). Based on current water use and 
projected future water user group (WUG) demand and needs, the adopted DFCs for these counties 
collectively should provide adequate water available for current and future growth while 
encouraging conservation. 

GMA 1 District Representatives adopted an Ogallala Aquifer DFC in Hemphill County of at least 
80 percent of volume in storage remaining for each 50-year period between 2018 and 2080 because 
of its profound differences from the rest of the management area. Some of these conditions include: 

• Minimal agriculture usage of the aquifer, 
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• Minimal rate of decline, 
• Relatively extensive stream flow for the planning area, and 
• Water related ecotourism economic impact. 

Hemphill County groundwater use is generally far less than use in adjacent counties and that of 
most of the rest of the management area. Hemphill County contains more spring and other natural 
discharge to streams and rivers than any other county in the GMA because of local hydrogeological 
conditions. The adopted DFC allows for substantial growth in groundwater demand over the next 
fifty years, while protecting spring discharge, stream flow and ecotourism. The DFC will provide 
groundwater availability at least two times higher than the TWDB estimated water use in the area, 
while protecting springs and seeps that enhance Canadian River flow.  

Except for Randall County and portions of High Plains UWCD in Potter and Armstrong counties, 
GMA 1 District Representatives adopted “percent of volume in storage remaining for each 50-year 
period between 2018 and 2080.” This is similar to previous Region A planning goals, but differs in 
that it extends beyond the previous 50-year planning period out to 2080 so that it aligns with the 
regional water planning process. Today, over 80 percent of all non-exempt aquifer withdrawals are 
volumetrically measured in GMA 1. GMA 1 Districts have incorporated DFCs into management 
plans, rules, and procedures for monitoring and tracking the achievement of adopted DFCs. 

GMA 1 District Representatives adopted aquifer drawdown for those portions of the High Plains 
UWCD, and all of Randall County. Aquifer drawdown is the preferred joint planning metric for 
groundwater management in GMA 2 where over 90 percent of the High Plains UWCD is located. 
GMA 1 District Representatives adopted different DFCs to allow for future growth while promoting 
conservation. In considering the nine factors under TWC Section 36.108(d), GMA 1 District 
Representatives utilized numerous information sources while considering DFC options and before 
adopting final DFCs. To evaluate the DFC options and the adopted DFCs, INTERA Incorporated 
(INTERA) used the High Plains Aquifer System GAM (HPASGAM; Deeds and Jigmond, 2015) 
that it developed for TWDB. The HPASGAM is a regional groundwater flow model that 
incorporates the Ogallala, Rita Blanca, Edwards-Trinity (High Plains), and Dockum aquifers. 

In December 2015, TWDB accepted the HPASGAM as the official GAM for the region. The 
GMA 1 Districts provided INTERA with pumping data through 2018, which INTERA incorporated 
into the HPASGAM to update the base year of the historical period of the model to 2018. The model 
was used to understand the anticipated pumping and impacts associated with the DFCs. Links to 
the model input files associated with the DFCs are included in Appendix III – Model Run 
Documentation so the Executive Administrator of TWDB can use them to confirm predictive run 
results and estimate modeled available groundwater (MAG). 

The last year of the historical portion of the model described in Deeds and Jigmond (2015) is 2012. 
To incorporate the effects of pumping that has occurred since this time, the model files were updated 
through 2018. For development of DFCs, 2018 was used as the reference year except for Randall 
County and the High Plains UWCD portions of GMA 1. For the predictive simulation, the last 
simulated year is 2080. The HPASGAM predictive run input file shows that to achieve the adopted 
DFCs in GMA 1, the Ogallala Aquifer (and Rita Blanca Aquifer) pumping will decline from 
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approximately 3,186,000 acre-feet/year in 2020 to 1,987,000 acre-feet/year by 2080. Table 3.1 is a 
compilation of modeled pumping levels based on the adopted DFCs.  

Documentation for GMA 1 meetings identified in Table 1.1 including meeting postings, agenda 
package, sign-in sheets and meeting supplements are provided in Appendix II - Meeting 
Documentation. 
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Table 3.1  Ogallala/Rita Blanca Aquifer modeled pumping levels based on the adopted DFCs in 
acre- feet/year. 

 

2020 2030 2040 2050 2060 2070 2080
37,182 45,846 52,100 55,658 57,918 59,295 60,051

Hemphill 37,182 45,846 52,100 55,658 57,918 59,295 60,051
44,925 41,951 35,006 28,530 23,152 19,144 16,114

Armstrong 5,667 4,716 3,001 1,878 1,179 969 784
Potter 2,343 2,539 2,357 2,051 1,631 1,075 801

Randall 36,915 34,697 29,648 24,601 20,343 17,100 14,529
1,988,622 1,875,121 1,697,404 1,533,765 1,381,478 1,239,976 1,111,652

Dallam 319,323 269,752 228,251 195,016 165,443 144,455 127,992
Hansford 296,868 295,895 281,027 264,464 247,229 229,951 211,025

Hartley 354,907 270,408 207,323 170,002 144,264 124,448 108,128
Hutchinson 77,759 80,242 77,674 74,510 70,462 67,541 63,950

Lipscomb 250,966 270,997 262,931 250,133 235,071 219,119 201,565
Moore 140,116 139,837 132,461 121,696 105,913 88,223 72,976

Ochiltree 259,136 260,144 246,760 231,654 215,169 199,455 180,919
Sherman 289,546 287,846 260,978 226,290 197,926 166,784 145,097

979,448 1,053,106 1,013,268 949,684 879,583 813,865 734,607
Armstrong 56,821 51,760 45,662 40,268 35,017 30,705 27,080

Carson 162,975 166,133 159,424 149,866 140,958 134,453 121,522
Donley 72,596 78,318 76,996 72,649 66,893 60,955 53,227

Gray 177,264 181,767 173,242 160,488 146,740 133,890 121,683
Hutchinson 8,506 10,596 11,774 11,792 11,403 10,782 9,586

Potter 23,972 22,260 19,549 16,487 13,579 10,997 8,803
Roberts 357,959 409,569 394,109 369,578 343,395 317,738 285,999

Wheeler 119,354 132,702 132,512 128,557 121,599 114,345 106,707
136,155 134,059 120,162 103,627 87,940 74,965 64,550

Hartley 15,523 16,391 15,601 14,319 12,962 11,654 10,413
Hutchinson 33,885 32,988 28,313 24,075 20,934 18,588 17,168

Moore 8,685 9,687 9,395 8,251 7,107 6,202 5,506
Oldham 40,412 39,092 36,116 31,239 25,989 21,407 18,004
Randall 37,650 35,901 30,736 25,742 20,948 17,114 13,460

3,186,332 3,150,084 2,917,940 2,671,264 2,430,072 2,207,245 1,986,974

Non-District Areas

GMA 1 Total

Hemphill County UWCD

High Plains UWCD No.1

North Plains GCD

Panhandle GCD
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 Ogallala Aquifer Factor Consideration 
Presentations associated with the consideration of required factors under TWC Section 36.108(d) 
are included in Appendix IV – Factor Analysis. Each of these factors is described individually for 
the Ogallala Aquifer below. 

 Aquifer Uses or Conditions 
TWC Section 36.108(d)(1) requires district representatives to consider aquifer uses and conditions 
within the management area, including conditions that differ substantially from one geographic area 
to another. 

District Representatives adopted different DFCs within GMA 1 based on varying aquifer uses and 
conditions including: physical landscape and land use, concentrated pumping centers, estimated 
groundwater use and predicted demands by county and by WUG; differing aquifer elevations, water 
level declines, saturated thicknesses, and depth to base of the aquifer differ substantially from one 
geographic area to another. GMA 1 District Representatives considered aquifer uses and conditions 
for the aquifers within the management area during meetings identified in Table 1.1. 

GMA 1 District Representatives considered aquifer uses by WUGs collectively including: 
municipal, irrigated agriculture, livestock, manufacturing, steam electric, and mining. As part of the 
consideration, the representatives reviewed TWDB Water Use Survey Groundwater Pumpage 
Estimates (WUSGPE) and GMA 1 Districts information. Figure 3.4(a) shows the projected 
distribution of water demand by use type between 2020-2070. Figure 3.4(b) shows the projected 
demands developed by TWDB for both the 2017 and 2022 state water plans compared to historical 
TWDB WUSGPE.  

Water demand projections developed for the 2022 State Water Plan indicate that the total water 
demand in GMA 1 will decrease from 2.1 million acre-feet in 2020 to 1.5 million acre-feet by 2070. 
This decline is mostly due to the expectation that irrigation water demand will decrease over time 
(primarily in Dallam, Hartley, Moore, and Sherman counties) because of reduced irrigation well 
yield, implementation of conservation practices, transition to new more efficient crops types, and 
the use of more efficient irrigation technology. According to the TWDB WUSGPE, irrigation use 
represents between 90 and 93 percent of the total aquifer pumping in GMA 1 during the 12-year 
period from 2005 to 2017. Because irrigation accounts for most of the water used in GMA 1 it is 
important to consider the uncertainty associated with irrigation demand projections. The 
methodology used to develop irrigation projections is based on current and expected trends in the 
agricultural sector, which are contingent upon many factors including market forces, government 
subsides, fuel prices, and resource availability. Figure 3.5 shows historical irrigation estimates and 
projected water demands based on estimates made for the 2017 and 2022 State Water Plans for 
GMA 1.  
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Figure 3.4  Projected total water use for GMA 1 by use type from 2020 to 2070 (PRWPG, 2021).  
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Figure 3.5  Historical water use for irrigation and projected irrigation demand for GMA 1 from 2020 
to 2070.  
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Municipal groundwater use represents the second largest water demand category (between 4 and 8 
percent annually) during the t-year period from 2005 to 2017. Projections from the 2021 PRWP 
suggest that municipal demand will increase from 90,00 acre-feet per year in 2020 to 130,000 acre-
feet per year in 2070. The population of GMA 1 is projected to increase from approximately 418,000 
in 2020 to 637,000 in 2070, an average annual growth rate of 0.85 percent (PRWPG, 2021). Based 
on the TWDB WUSGPE, the total municipal water use in GMA 1 was 83,500 acre-feet in 2010, 
which is approximately five percent of total water demand in the management area (Table 3.2). 
Potter and Randall counties, which contain the cities of Amarillo and Canyon, comprised 65 percent 
of the municipal water use in GMA 1, while collectively Armstrong, Donley, Hemphill, Roberts, 
and Sherman counties comprise approximately three percent. Though Roberts County has relatively 
little municipal use within the county, groundwater pumping from well fields to replace diminishing 
surface water supplies is a significant source of the water pumped for municipal purposes in Potter 
and Randall counties through the City of Amarillo as well as for the member cities of CRMWA 
both inside and outside of GMA 1. Historical municipal water use and projected municipal water 
demand from the 2017 and 2022 State Water Plan is shown in Figure 3.6. 

Figure 3.6  Historical municipal water use and projected municipal demand for GMA 1 from 2020 to 
2070.  
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Industrial water use includes mining, manufacturing, and power generation activities, which all 
represent relatively small proportions of the water demand in GMA 1. Historical water use 
associated with mining activities and projected future activity are shown in Figure 3.7. Mining 
activities in GMA 1 consist primarily of oil and gas extraction and removal of industrial minerals 
such as sand, gravel, and gypsum. Recent development of natural gas within GMA 1 has increased 
mining water use in several of the northeastern counties. These mining activities are expected to 
continue over the next two decades, but then decrease over time. Even with mining activities at a 
historical high over the past decade, mining groundwater demand accounted for less than 1% of the 
total water demand in GMA 1.  

Figure 3.7  Historical mining water use and projected mining demand for GMA 1 from 2020 to 2070.  
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Figure 3.8 shows the projected water demand of manufacturing users in GMA 1. Manufacturing 
demand in the 2022 State Water Plan is expected to increase over the next decade from 
approximately 49,000 acre-feet per year to 53,000 acre-feet per year and then is expected to remain 
constant over time. Power generation demand is expected to stay constant at approximately 18,5000 
acre-feet per year. 

Figure 3.8  Historical manufacturing water use and projected manufacturing demand for GMA 1 
from 2020 to 2070.  
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Figure 3.9 shows historical livestock water use and projected future demand. Currently, livestock 
use accounts for about 2 percent of the total groundwater pumped in GMA 1. The 2021 PRWP used 
livestock projections developed by Texas A&M AgriLife and current water use estimates to forecast 
livestock water use. Livestock water use is expected to increase from about 40,000 acre-feet per 
year in 2020 to 54,000 acre-feet per year in 2070. 

Figure 3.9  Historical livestock water use and projected livestock demand for GMA 1 from 2020 to 
2070.  
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Table 3.2  Projected water demands for GMA 1 in acre-feet/year (2017 State Water Plan). The 
highlighted records represent over ten percent of the GMA 1 total water use or demand 
by decade in each of those counties. 

County 2010 2020 2030 2040 2050 2060 2070 
Armstrong 5,243 5,286 5,077 4,792 4,381 3,971 3,563 
Carson 62,756 58,106 55,294 51,273 45,880 40,508 35,140 
Dallam 368,553 376,493 354,620 326,399 291,512 256,648 221,798 
Donley 27,031 26,033 25,141 23,771 21,338 18,912 16,486 
Gray 29,480 33,086 33,051 32,205 31,540 30,024 28,652 
Hansford 133,757 140,089 132,184 121,356 108,403 95,471 82,824 
Hartley 347,481 353,384 334,432 309,381 276,600 243,876 211,204 
Hemphill 7,095 6,446 5,885 5,308 4,692 4,075 3,809 
Hutchinson 74,882 71,534 70,823 69,150 66,497 64,678 63,046 
Lipscomb 33,223 23,142 21,891 20,273 18,089 16,086 14,184 
Moore 178,277 161,328 153,840 144,155 131,884 119,984 108,181 
Ochiltree 64,351 65,358 61,562 57,102 51,612 46,367 41,271 
Oldham 6,353 6,288 6,239 6,066 5,708 5,384 5,067 
Potter 48,137 69,374 74,224 79,447 84,518 92,870 100,990 
Randall 45,591 50,260 52,200 53,904 55,268 57,048 59,012 
Roberts 8,090 8,102 7,295 6,408 5,413 4,672 4,083 
Sherman 239,462 225,104 212,287 195,370 174,359 153,357 132,400 
Wheeler 17,332 14,195 13,156 11,711 10,014 8,872 8,078 
TOTAL 1,697,094 1,693,608 1,619,201 1,518,071 1,387,708 1,262,803 1,139,788 

 

GMA 1 District Representatives also considered that pumping locations in the management area 
may not necessarily be the same as the location of use because groundwater can be pumped from a 
well or well field and transported by pipeline to another geographic location within or outside the 
management area. GMA 1 District Representatives reviewed and considered aquifer uses as 
described in the regional planning process and considered both the places of use and points of 
withdrawal. In 2011, groundwater use peaked because of a regional and statewide drought, further 
development of agriculture water use, and an ongoing regional trend of switching from surface 
water sources to groundwater from the Ogallala Aquifer. The Canadian River Municipal Water 
Authority’s (CRMWA) development of groundwater resources to offset declining surface water 
availability is an example of this trend. CRMWA historically has provided water from Lake 
Meredith on the Canadian River to its member cities in the Texas Panhandle in GMA 1 and the 
Texas High Plains in GMA 2 as far south as Lamesa, Texas. Beginning in late 2001, CRMWA 
began supplementing water from Lake Meredith by blending groundwater from well fields in 
Roberts County to meet its water supply obligations to its member cities. Those member cities also 
supplement CRMWA supplies locally with groundwater from their own wells. In 2018, 
approximately 75 percent of the water used by the CRMWA member cities was groundwater. The 
remaining 25 percent was surface water. For a period from 2012 to 2014 CRMWA relied solely on 
groundwater due to low lake levels and water quality issues at Lake Meredith, but has since made 
small diversions from Lake Meredith (Figure 3.10). Table 3.3 shows CRMWA’s surface water and 
groundwater use in 2018.  
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Table 3.3  Canadian River Water Municipal Authority surface water and groundwater use in 2018 in 
acre-feet (PRWPG, 2021). 

 

 

Figure 3.10  Annual inflows and historical change in Lake Meredith water storage (PRWPG, 2021). 
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 Water Supply Needs and Water Management Strategies Included in the State 
Water Plan. 

TWC Section 36.108(d)(2) requires that District Representatives consider the water supply needs 
and water management strategies included in the state water plan. GMA 1 Districts considered 
water demand data developed for the 2017 and 2022 State Water Plans and water supply needs 
and management strategies from the 2017 State Water Plan. Information from both regional and 
state plans are provided in the supporting documentation; however, because the 2022 State Water 
Plan is in development, only the 2017 State Water Plan is referenced when discussing the water 
supply needs and water management strategies for GMA 1. 

GMA 1 District Representatives considered water supply needs and water management strategies 
within GMA 1 during meetings identified in Table 1.1. 

Water Supply Needs 
A water supply need occurs when currently developed supplies are not sufficient to meet projected 
demands. The 2017 State Water Plan identified 33 WUGs (accounting for basin and county 
designations) with identified needs during the planning period (2020-2070). Of these, there are 25 
cities and other WUGs in 14 counties that are projected to experience water needs before 2070. 
The largest volumetric needs are attributed to high irrigation demand in Dallam, Hartley, and 
Moore counties and an increase in municipal demand and comparably limited groundwater 
resources in Potter and Randall counties. Water supply needs are shown for the county that has 
demand, which may differ from the county of the supply source. 

In GMA 1, the total needs for all WUGs are projected to be 161,822 acre-feet per year in 2020, 
increasing to 233,847 acre-feet per year in 2040 and 245,751 acre-feet per year by 2070. In 
assessing water supply needs, the 2017 State Water Plan allocates water to WUGs considering 
geographical availabilities, infrastructure constraints, legal limits, and contractual limits, as 
appropriate. With these considerations, the projected developed supplies total 1.57 million acre- 
feet per year in 2020, which is about 40 percent of the total water available. This indicates that 
there is sufficient water available in 2020 to users in GMA 1 that has not yet been developed (2017 
State Water Plan). However, for some WUGs, the available water cannot be economically 
produced for the intended purpose to meet WUG needs. This is the case for irrigation users that 
rely on locally developed supplies and cannot economically use water that is located many miles 
away. Municipal WUGs can develop and transport water to meet their needs from outside the 
county. GMA 1 water surpluses/needs by county are detailed in Table 3.6. A summary of when 
the individual WUG needs begin by county and demand type is presented in Table 3.7. 
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Table 3.6  GMA 1 Water surpluses/needs by county in acre-feet per year (2017 State Water Plan). 

County 2020 2030 2040 2050 2060 2070 
Armstrong 116 67 22 -18 -55 -93 
Carson 946 369 191 101 -28 -176 
Dallam -79,909 -92,468 -95,342 -88,952 -79,729 -70,514 
Donley 186 194 201 203 204 204 
Gray 1,356 -816 -1,546 -1,384 -2,280 -3,214 
Hansford 177 109 -16 -388 -651 -896 
Hartley -77,545 -93,712 -99,092 -93,227 -84,020 -74,803 
Hemphill 64 65 67 64 61 58 
Hutchinson 137 -1,402 -2,850 -4,329 -5,632 -6,930 
Lipscomb 94 91 -6 -240 -365 -483 
Moore -2,600 -4,352 -6,003 -8,931 -15,697 -20,759 
Ochiltree -454 -938 -1,414 -1,856 -2,322 -2,771 
Oldham 828 796 801 800 798 795 
Potter -4,895 -11,184 -18,316 -25,217 -31,490 -38,529 
Randall -3,118 -7,716 -12,976 -18,328 -23,677 -28,921 
Roberts 451 448 451 369 302 234 
Sherman 813 785 773 615 416 219 
Wheeler 1,531 1,315 1,208 1,079 951 828 
Total -161,822 -208,349 -233,847 -239,639 -243,214 -245,751 

 

Table 3.7  Summary of when the individual WUG needs located in each county begin and demand 
type (2017 State Water Plan). 

County Irrigation Municipal Manufacturing Mining 
Steam 
Electric 
Power 

Livestock 

Armstrong - 2050 - - - - 
Carson - 2020 - - - - 
Dallam 2020 2020 - - -  
Donley - - - - - - 
Gray - 2030 - - - - 
Hansford  2040 - - - - 
Hartley 2020 2020 - - -  
Hemphill - - - - - - 
Hutchinson  2020 2030 - - - 
Lipscomb - 2040 2040 - - - 
Moore 2060 2020 2020   - 
Ochiltree - 2020 - - - - 
Oldham -  - - - - 
Potter - 2020 2020 - - - 
Randall - 2020 2020 - - - 
Roberts - - - - - - 
Sherman  - - - -  
Wheeler - 2070 - - - - 
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Water Management Strategies Included in the State Water Plan. 
The 2017 State Water Plan provides key findings and recommendations regarding addressing 
water supply needs with water management strategies. These findings are as follows: 

• Significant reductions in surface water supplies have resulted in additional water needs 
in the PWPA. This is especially true for CRMWA member cities. With the development 
of additional groundwater in Roberts County, CRMWA can better manage their sources 
conjunctively to continue to utilize Lake Meredith. 

• Ogallala groundwater supplies were allocated to irrigation and municipal water users 
such that the regional water planning goal was met both spatially and temporally. This 
results in immediate needs for some users that have geographical constraints for using 
groundwater. The actual distribution of water supplies over time may differ from these 
assumptions. 

• Large irrigation needs are concentrated in Dallam and Hartley counties. Most of these 
needs are due to the spatial constraints for supply for irrigated agriculture. The 
recommended strategies are conservation. 

• Four wholesale water providers are projected to have needs over the planning period. 
The recommended strategies for each provider are to develop additional groundwater. 

• Conservation is a critical strategy to the region, as it can be used to reduce water needs 
as well as preserve limited water sources for future generations. 

 Hydrological Conditions 
GMA 1 District Representatives considered hydrological conditions; including for each aquifer in 
the management area the total estimated recoverable storage (TERS) as provided by the TWDB 
Executive Administrator, as well as the average annual recharge, inflows, and discharge during 
meetings identified in Table 1.1.  

Total Estimated Recoverable Storage (provided by TWDB) 
TWDB defines TERS as the estimated amount of groundwater within an aquifer that accounts for 
recovery scenarios that range between 25 percent and 75 percent of the porosity-adjusted aquifer 
volume. In other words, TWDB assumes that between 25 and 75 percent of groundwater held 
within an aquifer can be removed by pumping. TERS does not account for a variety of important 
conditions and aquifer characteristics that limit groundwater production such as well withdrawal 
rate, well density, hydraulic conductivity, withdrawal costs, aquifer petrology, permeability, and 
potential water quality degradation. In practice, the TERS calculation represents the approximate 
percentage of the total storage volume in the water-producing zones of an aquifer; however, not 
all the water in those zones is “practicably recoverable.” The basis of the TERS calculation does 
not require an amount that could be recovered during any planning period. Recovery of all water 
from TERS would take longer than the joint planning time horizon and at a cost impractical for 
regional uses. Therefore, TERS accounts for water that cannot be practicably produced for 
beneficial use at any level in the GMA 1. Unlike TERS which simply measures volume, the highest 
practicable level of groundwater production is defined as a rate by measuring a volume produced 
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through time. Table 3.8 through Table 3.11 identify Ogallala Aquifer and Rita Blanca TERS by 
county and district in GMA 1 from TWDB GAM Task Report 15-006 (Kohlrenken, 2015). 
Differences in county TERS magnitudes are illustrated by county in Figure 3.11.  

GMA 1 District Representatives evaluated TERS provided by the TWDB and found that though 
TERS provides a total amount of groundwater that can possibly be produced given the discussion 
above, only a portion of groundwater in storage can be feasibly withdrawn to address the current 
uses and future anticipated groundwater demands. GMA 1 District Representatives selected DFCs 
that allow for substantial storage to remain for future demands after the planning period while 
ensuring that water is available to meet most WUG water demands outlined in the 2017 State 
Water Plan. 

Table 3.8  Ogallala Aquifer TERS by county for GMA 1 (Kohlrenken, 2015)  
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Table 3.9  Ogallala Aquifer TERS by GCD in GMA 1 (Kohlrenken, 2015). 
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Figure 3.11  Ogallala Aquifer TERS by county for GMA 1 (Kohlrenken, 2015). 
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Table 3.10  Rita Blanca Aquifer TERS by county for GMA 1 (Kohlrenken, 2015). 

 

Table 3.11  Rita Blanca Aquifer TERS by GCD in GMA 1 (Kohlrenken, 2015). 

 

 

Average Annual Recharge, Inflows, and Discharge 
In groundwater models, a water budget reflects the relationship between input and output of water 
through a given area modeled. Water budgets for the Ogallala Aquifer and Rita Blanca Aquifer 
were developed using the HPASGAM. The HPASGAM calculates a water budget for recharge, 
evapotranspiration, discharge to springs, draws, and escarpments, flows associated with rivers and 
reservoirs, aquifer storage, lateral flow, and cross-formational flow. Water budget information 
using the HPASGAM for the steady state (predevelopment) period is shown in Table 3.12 and Table 
3.13 for the Ogallala and Rita Blanca aquifers, respectively. Before pumping began in GMA 1, 
water inflows generally balanced outflows for the Ogallala Aquifer and the Rita Blanca Aquifer 
without significant aquifer storage (i.e. water level) change. The HPASGAM estimates recharge for 
the Ogallala was 324,889 acre-feet per year before pumping began. Before development, the 
Ogallala Aquifer discharged water as evapotranspiration (ET), springs, rivers, draws, escarpments, 
lateral and cross-formational flow. 

The Rita Blanca Aquifer within GMA 1 does not recharge directly from precipitation or receive 
inflow from rivers because it is not exposed at the surface or intersect rivers in the area to receive 
water. The lack of exposure at the surface also prevents the aquifer from discharging water through 
evapotranspiration, springs, rivers, draws, and escarpments. The aquifer received lateral flow from 
outside of GMA 1 and discharged the water to other aquifers including the Ogallala and Dockum 
aquifers. 
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Additional information on average historical recharge, inflows, discharge and lateral flows are 
provided to each of the GMA 1 Districts by TWDB for development of the Districts’ management 
plans.  

Table 3.12 HPASGAM Water budget for the Ogallala Aquifer by county for the steady-state model 
(HPASGAM Report). 

County Recharge ET Springs Rivers Draws Escarpments Lateral Cross- 
Formational 

Armstrong 9,499 -28 -227 -4,313 0 -2,822 127 -2,235 
Carson 12,471 -583 0 4,018 0 -206 -15,986 287 
Dallam 24,489 -2,416 0 11,778 -389 0 -33,912 451 
Donley 17,217 -2,417 -1,567 -15,735 -129 -7,035 9,666 0 
Gray 26,145 -1,094 0 -4,840 0 -6,305 -13,907 0 
Hansford 11,525 -4,540 0 -13,446 -133 0 6,594 0 
Hartley 29,125 -7,346 -69 -14,320 0 -1,825 -4,325 -1,240 
Hemphill 33,925 -24,895 -196 -21,966 -112 -3,600 16,844 0 
Hutchinson 6,962 -5,977 -426 -18,842 -3,728 -12,165 34,176 0 
Lipscomb 29,600 -8,292 0 -3,849 0 0 -17,459 0 
Moore 17,353 -1,054 0 -3,600 -1,056 -3,809 -7,535 -298 
Ochiltree 12,379 -487 0 1,938 0 0 -13,830 0 
Oldham 18,225 -867 -262 -9,361 -1,183 -8,967 6,244 -3,830 
Potter 7,110 -577 -199 -184 -263 -2,874 -1,311 -1,703 
Randall 10,140 -1,784 -346 -10,779 -1,070 -1,524 8,607 -3,243 
Roberts 13,084 -29,422 -4 -18,220 -3,014 -2,785 40,361 0 
Sherman 17,547 -406 0 5,975 0 0 -23,170 54 
Wheeler 28,093 -4,020 -1,194 -9,592 -2,223 -12,521 1,458 0 

Total 324,889 -96,205 -4,490 -125,338 -13,300 -66,438 -7,358 -11,757 

 

Table 3.13  HPASGAM Water budget for the Rita Blanca Aquifer by county for the steady-state 
model (HPASGAM Report). 

 
County 

 
Recharge 

 
ET 

 
Springs 

 
Rivers 

 
Draws 

 
Escarpments 

 
Lateral 

 
Cross- Formational 

Dallam 0 0 0 0 0 0 500 -500 

Hartley 0 0 0 0 0 0 65 -65 

 

Additional information on average historical recharge, inflows, discharge and lateral flows are 
provided to each of the GMA 1 Districts by TWDB for development of the Districts’ management 
plans.  
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 Environmental Impacts 
GMA 1 District Representatives considered environmental impacts, including impacts on spring 
flow and other interactions between groundwater and surface water. Since groundwater and surface 
water are hydrologically linked, reductions in groundwater levels can lead to either reduced outflow 
to surface water or increased inflow from surface water (or both). Based on the HPASGAM, annual 
recharge to the Ogallala Aquifer remained between 325,000 and 327,000 acre-feet per year between 
1930 and 2018. Annual Ogallala Aquifer discharge to springs, rivers, and draws declined from 
210,000 to 57,008 acre-feet per year from predevelopment through 2018. These reductions to 
discharge adversely affect stream flow in the management area. Hemphill UWCD illustrated the 
relationship between aquifer pumping and surface water impacts shown in Figures 3.12 through 
3.15. 

Figure 3.12  2008-2009 groundwater level elevation impact on surface water in Hemphill County 
(from Hemphill UWCD 3-D Visualization Model). Areas in blue are river/stream segments 
where groundwater flows from the aquifer to the river/stream. 
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Figure 3.13  Impact to natural discharge with 80 percent remaining in storage (from Hemphill 
UWCD 3-D Visualization Model). 
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Figure 3.14 Impact to natural discharge with 70 percent remaining in storage (from Hemphill UWCD 
3-D Visualization Model). 
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Figure 3.15  Impact to natural discharge with 60 percent remaining in storage (from Hemphill UWCD 
3-D Visualization Model). 

 

The 2011 PRWP articulates that reservoir development, groundwater development, and invasion by 
brush have altered natural stream flow patterns in the area. Spring flows in the area have generally 
declined over the past several decades. Much of the impact to springs is due to groundwater 
development, the spread of high water use plant species such as mesquite and salt cedar, or the loss 
of native grasses and other plant cover. High water use plant species have reduced reliable flows for 
many tributary streams. Reservoir development also changes natural hydrology by diminishing 
flood flows and capturing low flows. The DFCs considered by the GMA 1 will not change these 
issues. 

GMA 1 Districts anticipate that groundwater pumping in the Ogallala Aquifer may continue to 
diminish the groundwater discharge to springs, rivers, draws and escarpments. This expected trend 
is shown in Figure 3.16, which reflects expected changes to interaction between groundwater and 
surface water associated with the DFCs. In most of the GMA 1 counties groundwater currently does 
not contribute to river flow. In the counties where groundwater does contribute to river flow 
(Hemphill, Donley, Oldham, Wheeler, Roberts, Hutchinson, Gray, Potter, and Armstrong) future 
drawdown due to pumping may induce inflow from perennial surface water bodies during the 
planning period.  
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Figure 3.16  Projected interactions between surface water and groundwater, based on the effects of 
predicted groundwater pumping from the adopted DFCs. 
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 Subsidence Impacts 
GMA 1 District Representatives considered potential impacts of the adopted DFCs on land 
subsidence. This included a review of the causes and mechanisms of land surface subsidence and 
the results of a recent study on subsidence risk throughout Texas (Furnans and others, 2017). The 
Furnans and others (2017) study concluded that the Ogallala Aquifer presented a “high” risk of 
compaction leading to subsidence and the Dockum Aquifer presented a “medium” risk of 
compaction leading to subsidence. The study was based on review of driller’s lithologic logs, 
historical water level changes, and hydraulic properties in the groundwater availability models.  

As noted by the GMA 1 Districts and the US Geological Survey fact sheet on subsidence in the 
United States (Galloway and others, 2000), substantial subsidence has not historically been 
observed or linked to groundwater production in GMA 1 despite substantial water level declines in 
historically. After considering the data and methods used in Furnans and others (2017) subsidence 
study in the context of other available information on subsidence in the area, the GMA 1 Districts 
concluded that subsidence has not been an issue and is unlikely to be an issue in GMA 1 in the 
future under the adopted DFCs. 

 Socioeconomic Impacts 
GMA 1 District Representatives considered socioeconomic impact studies prepared by the TWDB 
for regional water planning purposes, along with multiple other studies that target areas in GMA 1 
based on the DFCs options during joint planning meetings identified in Table 1.1.  

In the regional water planning process, there is a quantitative evaluation of socioeconomic impacts, 
but the impact is limited to what would occur if a water demand were not met during a repeat of the 
drought of record. Analysis is limited to the categories of users with an identified water need (i.e. 
potential shortage). GMA 1 District Representatives reviewed this analysis during the November 
19, 2020 meeting; however, this analysis does not directly translate to the evaluation of potential 
socioeconomic effects of the proposed DFC. For this reason, the consideration including discussion 
on balancing the socioeconomic impacts of developing higher amounts of groundwater (both 
positive and negative) with the socioeconomic impacts of impacts of developing lesser amounts of 
groundwater (again, both positive and negative). 

In addition to the socioeconomic information provided in the 2017 State Water Plan, the GMA 1 
Districts reviewed other information that included: 

• Economic Impacts of Selected Water Conservation Policies in the Ogallala Aquifer 
Report (Amosson and others, 2014a). 

• Economic Impacts of Groundwater Management Standards in the Panhandle 
Groundwater Conservation District of Texas (Weinheimer, 2012). 

• Evaluation of Changing Land Use and Potential Water Conservation Strategies: North 
Plains Groundwater Conservation District (Amosson and others, 2014b). 

• Farm Level Financial Impacts of Water Policy on the Southern Ogallala Aquifer 
(Weinheimer, 2008). 
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• Multi-year water allocation: an economic approach towards future planning and 
management of declining groundwater resources in the Texas Panhandle (Tewari et.al, 
2014). 

• Socioeconomic Impacts of Projected Water Shortages for the Panhandle (Region A) 
Regional Water Planning Area Prepared in Support of the 2011 Panhandle Regional 
Water Plan (Norvell et.al, 2010). 

• Water Conservation Policy Alternatives for the Ogallala Aquifer in Texas (Johnson, et.al, 
2007). 

• Letter of Opinion Concerning Texas Panhandle Land Values: Hemphill UWCD (Scott 
Land Company LLC, Clift Land Brokers and the USFMRA Land Trends, 2016). 

 Private Property Impacts 
GMA 1 District Representatives considered the impact on the interests and rights in private 
property, including ownership and the rights of landowners and their lessees and assigns in 
groundwater during the joint planning meetings described in Table 1.1. In 2015, GMA 1 District 
Representatives received a presentation by Keith Good, attorney with Lemon, Shearer, Phillips and 
Good, P.C., regarding possible DFC impacts on private property rights (Good, 2015). Mr. Good’s 
commentary remains relevant to the current round of joint planning. The highlights of Mr. Good’s 
presentation were reviewed and considered again during the joint planning process and are 
summarized as follows: 

The consideration of impacts on private property rights is not new in groundwater management in 
Texas. Even before it was a required consideration for joint planning, the TWDB under its rules 
considered the impact on private property rights as one of the Factors to determine if an adopted 
DFC was reasonable if that DFC were petitioned. In EAA vs. Day, the Texas Supreme Court sent a 
variety of signals regarding regulation by GCDs including: 

• "Unquestionably, the State is empowered to regulate groundwater production.” 
• "Regulation is essential to groundwater conservation and use." 
• The rule of ownership must be considered with the law of capture and is subject to police 

regulation. 
• Each landowner "owns separately, distinctly, and exclusively all the water under his 

land." 
• "Landowners do have a constitutionally compensable interest in groundwater." 
• "Groundwater rights are property rights subject to constitutional protection; whatever 

difficulties may lie in determining adequate compensation for a taking." 
• Any meaningful Rules adopted by a District to achieve a DFC may have a potential 

impact on property rights. 
• “Considerations” analyze how property rights could be impacted. 
• Impacts are not equated as “takings” in this process. 
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• Impacts may be viewed as both restricting and benefitting property rights. 

Mr. Good condensed the interest groups with property interests and rights related to the production 
and conservation of groundwater in GMA 1 including: 

• Interests and rights that are benefitted or enhanced by the present use of groundwater. 
• Interests and rights that are benefitted or enhanced using groundwater soon. 
• Interests and rights that are benefitted or enhanced by the ability to use groundwater over 

the long-term. 
• Interests and rights that are benefitted or enhanced by leaving a significant amount of 

groundwater in place. 

By statute and under EAA vs. Day, all landowners have constitutionally protected property rights 
in groundwater beneath their property. A GMA must consider the rights of all owners of private 
property, including all owners of groundwater within the GMA. All identified interests have the 
potential to be “impacted” by groundwater regulation (or the absence of regulation). Existing GCD 
rules that implement DFCs adopted by GMA 1 impact or affect private property rights by setting 
well spacing requirements and production limits. Spacing requirements impact where landowners 
may drill wells. Spacing requirements may also positively impact the property interests of 
neighboring landowners by reducing the potential for interference between wells. Production 
limitations currently exist in the GMA 1 Districts. Such rules are designed to prolong the 
groundwater supply and reduce the drainage of groundwater owned by neighboring landowners. 

Some of the potential impacts to private property rights of DFCs associated with higher levels of 
production include: 

• Unobtrusive production restrictions, allowing users to produce more groundwater with 
limited acreage. 

• Could limit water available for future users. 
• Increased drainage of groundwater from neighboring landowners. 

Some of the potential impacts to private property rights of DFCs associated with lower levels of 
production include: 

• Production limits that may force users to reduce groundwater production or acquire 
additional groundwater rights. 

• Greater water available to meet future needs. 
• Minimized well interference and induced drainable from neighboring landowners. 

A GMA is expressly allowed to adopt DFCs for the “establishment of DFCs that provide for the 
reasonable long-term management of groundwater resources. GMA 1 must consider the impact of 
GMA 1 DFCs on private property rights in groundwater as recognized under TWC Section 
36.002. Owners are entitled to drill for and produce groundwater (subject to regulation by GCDs). 
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Owners are not entitled to capture any amount of groundwater they choose. Section 36.002 does not 
grant a GCD the authority to deprive or divest an owner of the rights described by Section 36.002. 
It is unlikely that GMA 1 DFCs will result in an owner being prohibited from drilling for and 
producing groundwater; and it is unlikely that GMA 1 DFCs will result in an owner being deprived 
or divested of groundwater rights described in Section 36.002. 

Different DFCs, rules, and policy decisions by the Districts within GMA 1 may impact private 
property rights differently. Each District’s management plan and rules and the implementation 
thereof, likely have more potential to “impact” private property rights in groundwater than the 
DFCs. 

 Achievement Feasibility 
GMA 1 District Representatives considered the feasibility of achieving the adopted DFCs. 
Conceptually, there are two elements to the feasibility of achieving the DFCs: regulatory feasibility 
and physical feasibility. 

Regulatory feasibility refers to whether the GMA 1 Districts have within the Texas Water Code and 
their respective enabling legislation the regulatory tools necessary to achieve the DFCs. For 
example, some uses of groundwater (such as for rural domestic, livestock, or drilling for oil and 
gas) are generally exempt from production limits by a GCD. If the total expected pumping of these 
combined uses exceeded the groundwater availability associated with the DFC, then the DFC would 
clearly not be regulatorily feasible. That is, the Districts would not have the authority to manage 
groundwater production to achieve the DFCs. As described above, most of the groundwater 
pumping in GMA 1 is for irrigation and is generally subject to regulatory by GCDs. Further, the 
groundwater availability associated with the adopted DFCs allows for considerable continued 
production for both exempt and non-exempt uses. The GMA 1 Districts considered this information 
and determined that the adopted DFCs are regulatorily feasible. 

Physical feasibility refers to whether the various DFCs in the GMA can be achieved concurrently. 
The physical feasibility is demonstrated by use of the model. The model run associated with the 
adopted DFCs shows that each of the DFCs for the Ogallala Aquifer (inclusive of the Rita Blanca) 
as well as the Dockum Aquifer can be achieved concurrently. 

 Other Information 
TWC Section 36.108(d)(9) requires the districts to consider any other information relevant to the 
specific DFCs. The GMA 1 Districts considered whether other information existed that was 
necessary to review to inform the DFCs and determined that all information necessary was 
considered under the other eight factors. 

  Discussion of Other DFCs considered 
In the current round of joint planning, the GMA 1 Districts elected to continue with percent of 
storage remaining in all areas within GMA 1 except for Randall County and within the High Plains 
UWCD in Armstrong and in Potter counties. High Plains District’s jurisdiction primarily lies within 
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GMA-2 and has only 4.6 percent (345,722 acres) of its jurisdiction is within GMA 1. The High 
Plains UWCD requested that GMA 1 adopt DFCs using feet of drawdown instead of percent storage 
in the Districts’ jurisdictional areas. By establishing DFCs based on feet of aquifer drawdown, High 
Plains UWCD can better manage the Ogallala Aquifer DFC in GMA-1 with the DFCs set for the 
rest of its district in GMA 2. 

During consideration of the DFC adopted in 2016, Hemphill UWCD evaluated different potential 
DFCs ranging from 60 percent to 80 percent of the Ogallala Aquifer remaining in storage in 50 
years. Hemphill UWCD’s 3-D Visualization Model shows that leaving 80 percent of the Ogallala 
Aquifer in storage is a good balance of addressing stream flow while providing for groundwater 
withdrawals. As shown in Figure 3.13 of this report, even at 80 percent of the aquifer remaining, 
part of the Canadian River becomes a losing stream, and subsequent figures show continuing decline 
of stream flow as pumping is increased. The 80 percent DFC provides the desired balance between 
production and conservation within the Hemphill UWCD.  

 Discussion of Other Recommendations 
GMA 1 District Representatives provided the public opportunity to comment on the DFC Joint 
Planning Process or recommend other DFCs at each joint planning meeting. Each District also held 
respective public hearings to discuss the Proposed DFCs with the public in their local service areas. 

 Advisory Committees 
GMA 1 Districts did not establish advisory committees for this round of planning and therefore no 
comment from such committees were filed. 

 Public Comments 
On March 18, 2021, the GMA 1 Districts unanimously voted to adopt Proposed DFCs for the major 
aquifers in the Joint Planning Area. 

A public comment period of not less than 90 days began on March 18, 2021. During the public 
comment period and after posting notice as required by TWC Section 36.063, each district held at 
least one public hearing on proposed DFCs relevant to that district. During the public comment 
period, the districts made available in its office a copy of the proposed DFCs and any supporting 
materials. All documents considered in the joint planning process were organized and posted for the 
convenience of the public and GMA 1 membership. This included posting materials online at 
www.panhandlewater.org/gma-1. Individual districts held public hearings during the statutorily 
required not less than 90-day public input phase prior to the final adoption of DFCs.   

After the public hearings and public comment period, the GMA 1 Districts reviewed relevant public 
comments received at the August 26, 2021 Joint Planning meeting prior to adopting DFCs. 

Through the public input process, GMA 1 Districts received 3 public comments, all of which were 
submitted to High Plains District. These summary reports documenting the public hearings 
conducted  and comments received  are included in Appendix V – Summary Reports and Public 
Comments Received.

http://www.panhandlewater.org/gma-1
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4 DOCKUM AQUIFER DESCRIPTION AND DESIRED FUTURE 
CONDITIONS 

 Dockum Aquifer Description 
The TWDB defines the Dockum Aquifer as the water-bearing units of the Triassic-aged Dockum 
Group. The Dockum Group extends through multiple TWDB Regional Water Planning Areas and 
parts of four GMAs. TWDB Report 359 (Bradley and Kalaswad, 2003) estimated that the Dockum 
Group’s total areal extent is approximately 42,000 square miles in Texas. Figure 4.1 shows geologic 
cross sections of the Dockum Group, modified from Bradley and Kalaswad (2003). Though 
regionally extensive, TWDB classifies the Dockum Aquifer as a minor aquifer because of its 
generally poor water quality and limited production capacity. Based on water quality data from 
North Plains GCD, the Lower Dockum Aquifer appears to be of higher water quality in Dallam, 
Hartley, and Moore counties than further south in the Dockum basin. Figure 4.2 shows the areal 
extent of the Dockum Aquifer in Texas (George et.al. 2011). 

The Dockum Aquifer is in nine counties, primarily in the western portion of GMA 1. The 
HPASGAM segregates the aquifer into the Upper Dockum and the Lower Dockum. The Lower 
Dockum is present in the management area and includes: 

• the Tecovas Formation, a variegated, sometimes sandy mudstone with interbedded fine to 
medium grained sandstone. 

• the Santa Rosa Formation, a red to reddish-brown sandstone and conglomerate.  

Groundwater located in the Santa Rosa sandstone and conglomerate provides the highest yields in 
the aquifer with the Tecovas sands yielding lesser amounts of water. Locally, all water-bearing 
sands within the Dockum Aquifer are informally referred to as “Santa Rosa,” regardless of whether 
they are in the Tecovas or Santa Rosa formations of the Dockum Aquifer. 
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Figure 4.1  Geologic cross sections of the Dockum Group along (A-A’) and across (B-B’) (modified 
from Bradley and Kalaswad, 2003)  
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Figure 4.2  Dockum Aquifer areal extent in Texas (George et.al. 2011)  
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 Dockum Aquifer Desired Future Conditions 
GMA 1 District Representatives unanimously adopted DFCs for the Dockum Aquifer by resolution 
on August 26, 2021. 

The Dockum Aquifer DFCs adopted by GMA 1 are as follows: 

• At least 40 percent of the average available drawdown remaining for each 50-year period 
between 2018 and 2080 for Dallam, Hartley, Moore, and Sherman Counties  

• No more than 30 feet average decline in water levels for each 50-year period between 
2018 and 2080 in Oldham and Carson Counties and the Panhandle District portions of 
Potter and Armstrong Counties; and  

• Approximately 40 feet average decline in water levels for each 50-year period between 
2012 and 2080 in Randall County and within High Plains District in Armstrong and 
Potter Counties.  

The resolution adopting DFCs is provided in Appendix I – DFC Documents. Documentation for 
this meeting including meeting postings, agenda package, sign-in sheet and meeting supplements is 
provided in Appendix II- Meeting Documentation.   
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Figure 4.3  GMA 1 Dockum Aquifer DFC Map (provided by PRPC, 2016) 
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 Policy and Technical Justification 
TWC Section 36.108(d-2) requires that DFCs proposed as part of joint planning in the management 
area must provide a balance between the highest practicable level of groundwater production and 
the conservation, preservation, protection, recharging, and prevention of waste of groundwater and 
control of subsidence in the management area. GMA 1 District Representatives established different 
DFCs throughout the management area based on a combination of policy and technical 
considerations that provide continued economic development of the area while providing for the 
reasonable long-term management of groundwater resources consistent with the management goals 
under TWC Section 36.1071(a). 

 Policy Justification 
The Dockum Aquifer is in the nine western counties in GMA 1 and is currently designated as a 
minor regional water supply that will more than likely be tapped more to offset diminishing Ogallala 
Aquifer supplies in the future. The development of different Dockum Aquifer DFCs in GMA 1 
strikes a balance between the highest practicable level of groundwater production and conservation, 
preservation, protection, recharging, and prevention of waste. 

The estimated modeled pumping levels from the adopted Dockum DFCs significantly exceed the 
current groundwater pumping and will be used to meet future needs over the planning period while 
leaving substantial water in the ground for the future in GMA 1. 

 Technical Justification 
The Dockum Aquifer DFCs passed in 2016 allowed for future growth while promoting 
conservation. GMA 1 District Representatives reviewed the 2016 DFCs and numerous current 
information sources during consideration of whether amendments to the 2016 DFCs were needed. 
To reevaluate the 2016 DFCs, the GMA 1 Districts first updated the reference year from 2012 to 
2018 in the HPASGAM (Deeds and Jigmond, 2015) and extended the projection period from 2012-
2062 to 2018-2080. With slight modifications to the Dockum Aquifer DFC wording to 
accommodate the changes above, the GMA 1 Districts evaluated the Dockum Aquifer DFCs. Table 
4.1 shows a compilation of the modeled pumping consistent with these DFCs, which declines from 
approximately 287,000 acre-feet per year in 2020 to 241,000 acre-feet per year in 2080. These 
pumping estimates far exceed estimates of current use of the Dockum Aquifer and represent a 
balance that allows for significant future development of the aquifer while conserving water for the 
future.  
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Table 4.1  Dockum Aquifer modeled pumping levels based on the adopted DFCs in acre- feet/year. 

     2020 2030 2040 2050 2060 2070 2080 
High Plains UWCD 

No.1  11,489 12,235 12,305 10,971 10,179 10,085 10,155 
 Armstrong  1,849 835 221 221 221 221 221 
 Potter  2,658 2,658 2,402 2,316 2,276 2,249 2,168 
  Randall  6,982 8,742 9,683 8,434 7,682 7,615 7,766 
North Plains GCD  33,262 33,170 31,424 29,745 28,304 26,928 25,715 

 Dallam  15,953 15,549 14,687 14,045 13,502 12,920 12,406 
 Hartley  12,379 11,802 11,031 10,343 9,737 9,242 8,815 
 Moore  4,487 5,402 5,398 5,068 4,773 4,477 4,204 
  Sherman  444 416 309 289 293 288 290 

Panhandle GCD  35,405 44,836 45,885 45,599 44,643 43,623 42,403 
 Armstrong  5,302 7,107 8,105 8,607 8,830 8,909 8,895 
 Carson  6 6 6 6 6 6 6 
  Potter  30,097 37,723 37,774 36,987 35,806 34,707 33,501 
Non-District Areas  207,317 236,532 231,191 218,086 200,544 179,456 162,332 
 Hartley  44,168 52,833 52,986 50,465 46,810 43,002 39,229 
 Moore  241 560 593 617 641 645 624 
 Oldham  143,936 153,889 145,622 135,482 124,602 114,645 105,122 
  Randall  18,974 29,250 31,990 31,523 28,491 21,163 17,357 

GMA 1 Total  287,474 326,773 320,806 304,402 283,670 260,092 240,605 
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 Dockum Aquifer Factor Consideration 

 Aquifer Uses or Conditions 
The GMA 1 districts considered information on aquifer uses and conditions including the estimated 
pumping by aquifer, the distribution of well depths and the distribution of well yields in each county 
in GMA 1. The Districts also considered water demands throughout GMA 1, which are independent 
of the aquifer and more fully presented in the discussion in Section 3.4.1.  

Table 4.2 below shows the estimated Dockum Aquifer pumping by WUG in GMA 1 between 2005 
and 2017. In general, recent pumping of the Dockum Aquifer ranges from between 5,000 and 8,000 
acre-feet per year. This is approximately evenly split among use for irrigation, livestock, and 
municipal supply.  

Table 4.3 below shows the estimated Dockum Aquifer pumping by county over the same 2005-
2017 time period. Moore, Oldham and Randall counties had higher rates of Dockum production 
than other counties in GMA 1, though it still represents only a small fraction of water used in these 
counties. As water levels decline in the Ogallala Aquifer, use of the Dockum Aquifer may increase 
as conditions become more favorable for development.  

Table 4.2  GMA 1 Dockum Aquifer pumping in acre-feet by year and by WUG from 2005-2014 
(TWDB, 2020). Values shown as “.%” represent no estimated water use. 

 

  

Irrigation Livestock
Manufa
cturing Mining Municipal Power

Total Dockum 
Pumpage

2005 3,221 (58.%) 1,458 (26.2%)  (.%)  (.%) 877 (15.8%)  (.%) 5,556
2006 2,257 (34.7%) 2,450 (37.6%)  (.%)  (.%) 1,802 (27.7%)  (.%) 6,510
2007 2,751 (47.%) 1,667 (28.5%)  (.%)  (.%) 1,435 (24.5%)  (.%) 5,852
2008 2,343 (43.9%) 1,380 (25.9%)  (.%)  (.%) 1,613 (30.2%)  (.%) 5,336
2009 2,293 (42.3%) 1,330 (24.5%)  (.%)  (.%) 1,801 (33.2%)  (.%) 5,423
2010 1,770 (24.5%) 1,393 (19.3%)  (.%)  (.%) 4,074 (56.3%)  (.%) 7,237
2011 2,837 (36.7%) 1,660 (21.5%)  (.%)  (.%) 3,228 (41.8%)  (.%) 7,726
2012 2,579 (37.6%) 1,684 (24.5%)  (.%)  (.%) 2,603 (37.9%)  (.%) 6,866
2013 2,440 (38.3%) 1,468 (23.%)  (.%)  (.%) 2,471 (38.7%)  (.%) 6,379
2014 2,115 (35.1%) 1,555 (25.8%)  (.%)  (.%) 2,362 (39.2%)  (.%) 6,032
2015 1,374 (26.4%) 1,578 (30.4%)  (.%)  (.%) 2,245 (43.2%)  (.%) 5,197
2016 1,992 (33.4%) 1,603 (26.9%)  (.%)  (.%) 2,373 (39.8%)  (.%) 5,967
2017 1,673 (30.5%) 2,099 (38.2%)  (.%)  (.%) 1,716 (31.3%)  (.%) 5,488

Year
Units = Acre/feet
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Table 4.3  GMA 1 Dockum Aquifer pumping in acre-feet by year and by county from 2005-2017 
(TWDB, 2020). 

 
 
 

 Water Supply Needs and Water Management Strategies Included in the State 
Water Plan. 

TWC Section 36.108(d)(2) requires that District Representatives consider the water supply needs 
and water management strategies included in the State Water Plan. GMA 1 Districts considered data 
from the 2017 State Water Plan. Information from both regional and state plans are provided in the 
supporting documentation; however, for the purposes of simplicity, the 2017 State Water Plan is 
referenced in discussing the water supply needs and water management strategies for GMA 1. 

The GMA 1 anticipates that the Dockum Aquifer will be used to supplement the water to address 
regional water supply needs and water management strategies included in the 2017 State Water 
Plan. GMA 1 District Representatives used the same information for consideration of water supply 
needs and water management strategies as for consideration of this Factor in adopting Ogallala 
Aquifer DFCs. For a more thorough discussion of GMA 1 consideration of this Factor please refer 
to Section 3.4.2 Water Supply Needs and Water Management Strategies in this Explanatory Report. 

GMA 1 District Representatives considered water supply needs and water management strategies 
within GMA 1 during the DFC joint planning meetings identified in Table 1.1. 

 Hydrological Conditions 
GMA 1 District Representatives considered hydrological conditions; including for each aquifer in 
the management area the TERS as provided by the TWDB Executive Administrator, as well as the 
average annual recharge, inflows, and discharge during meetings identified in Table 1.1.  

Total Estimated Recoverable Storage (provided by TWDB) 
TWDB defines TERS as the estimated amount of groundwater within an aquifer that accounts for 
recovery scenarios that range between 25 percent and 75 percent of the porosity-adjusted aquifer 
volume. In other words, TWDB assumes that between 25 and 75 percent of groundwater held within 
an aquifer can be removed by pumping. TERS does not account for a variety of important conditions 
and aquifer characteristics that limit groundwater production such as well withdrawal rate, well 

Source County 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
ARMSTRONG 146 164 109 122 114 92 127 131 93 76 69 85 109
CARSON 8 6 7 12 17 19 18 11 7 3 3 3
DALLAM
HARTLEY 621 1,054 692 831 791 695 948 1,003 983 1,042 1,028 1,013 1,294
MOORE 2,008 1,261 1,733 1,297 1,362 1,129 1,853 1,628 1,544 1,440 1,041 1,280 1,097
OLDHAM 1,224 1,497 1,164 814 757 857 1,135 1,035 962 874 806 912 972
POTTER 627 1,138 1,020 1,022 1,112 1,131 1,012 1,047 1,020 784 574 385 369
RANDALL 930 1,388 1,128 1,242 1,275 3,317 2,631 2,004 1,766 1,807 1,677 2,289 1,643
Total Pumpage 5,556 6,510 5,852 5,336 5,423 7,237 7,726 6,866 6,379 6,032 5,197 5,967 5,488
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density, hydraulic conductivity, withdrawal costs, aquifer petrology, permeability, and potential 
water quality degradation. In practice, the TERS calculation represents the approximate percentage 
of the total storage volume in the water-producing zones of an aquifer; however, not all the water 
in those zones is “practicably recoverable”. The basis of the TERS calculation does not require an 
amount that could be recovered during any planning period. Recovery of all water from TERS 
would take longer than the joint planning time horizon and at a cost impractical for regional uses. 
Therefore, TERS accounts for water that cannot be practicably produced for beneficial use at any 
level in the GMA 1. Unlike TERS which simply measures volume, the highest practicable level of 
groundwater production is defined as a rate by measuring a volume produced through time. Table 
4.4 and Table 4.5 identify Dockum Aquifer TERS by county and District in GMA 1 from TWDB 
GAM Task Report 15-006 (Kohlrenken, 2015).  

GMA 1 District Representatives evaluated TERS provided by the TWDB and found that though 
TERS provides a total amount of groundwater that can possibly be produced given the discussion 
above, only a portion of groundwater in storage can be feasibly withdrawn to address the current 
uses and future anticipated groundwater demands. GMA 1 District Representatives selected DFCs 
that allow for substantial storage to remain for future demands after the planning period while 
ensuring that water is available to meet most WUG water demands outlined in the 2017 State Water 
Plan.  

Table 4.4  Dockum Aquifer TERS by county in GMA 1 (Kohlrenken, 2015) 
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Table 4.5  Dockum Aquifer TERS by GCD in GMA 1 (Kohlrenken, 2015) 
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Average Annual Recharge, Inflows and Discharge 
In groundwater models, a water budget reflects the relationship between input and output of water 
through a given area modeled. Water budgets for the upper and lower portions of the Dockum 
Aquifer were developed using the HPASGAM. The HPASGAM calculates a water budget for 
recharge, evapotranspiration, discharge to springs, draws, and escarpments, flows associated with 
rivers and reservoirs, aquifer storage, lateral flow, and cross-formational flow. Water budget 
information using the HPASGAM for the steady state (predevelopment) period is shown in Table 
4.6 and Table 4.7 for the upper and lower portions of the Dockum Aquifer, respectively. Before 
pumping began in GMA 1, water inflows generally balanced outflows for the Dockum Aquifer 
without significant aquifer storage (i.e. water level) change. The HPASGAM estimates recharge for 
the Dockum Aquifer is approximately 8,600 acre-feet per year. This only occurs in the lower portion 
of the Dockum Aquifer because the upper portion of the Dockum does not outcrop at land surface. 
Table 4.8 and Table 4.9 show the water budgets for 2012 upper and lower portions of the Dockum 
Aquifer, respectively. With pumping occurring in the aquifer, the main response is, as shown in the 
water budget, a reduction in storage (i.e. a water level decline). With continued water level declines 
over time, other water budget terms such as outflow to surface water may also change in response 
to pumping. This is discussed in more detail in the Environmental Impacts section.  

Additional information on average historical recharge, inflows, discharge and lateral flows are 
provided to each of the GMA 1 Districts by TWDB for development of the Districts’ management 
plans.  

Table 4.6  Water budget for the upper Dockum by county for the steady-state model (modified 
from Deeds and Jigmond, 2015). 

County Recharge ET Springs Rivers Draws Escarpments Lateral Cross- 
Formational 

Dallam 0 0 0 0 0 0 3 -3 
Hartley 0 0 0 0 0 0 4 -4 
Moore 0 0 0 0 0 0 0 0 
Oldham 0 0 0 0 0 0 -1 1 
Potter 0 0 0 0 0 0 0 0 
Randall 0 0 0 0 0 0 0 0 
Sherman 0 0 0 0 0 0 0 0 
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Table 4.7  Water budget for the lower Dockum by county for the steady-state model (modified from 
Deeds and Jigmond, 2015). 

County Recharge ET Springs Rivers Draws Escarpments Lateral Cross- 
Formational 

Armstrong 226 0 -295 -509 -2,276 0 619 2,235 
Carson 0 0 0 0 0 0 287 -287 
Dallam 0 0 0 0 0 0 -51 51 
Hartley 205 -314 0 969 0 0 -2,170 1,310 
Hutchinson 0 0 0 0 0 0 0 0 
Moore 64 0 0 -65 0 0 -298 298 
Oldham 5,786 -3,674 -120 -10,130 0 0 4,310 3,828 
Potter 2,211 -1,106 -22 -3,561 -395 0 1,171 1,703 
Randall 80 0 0 -2,557 -748 0 -18 3,243 
Sherman 0 0 0 0 0 0 53 -53 
Total 8572 -5094 -437 -15,853 -3419 0 3903 12,328 

 
 
Table 4.8  Water budget for the upper Dockum by county for year 2012 of the transient model 

(modified from Deeds and Jigmond, 2015). 

 

Table 4.9  Water budget for the lower Dockum by county for year 2012 of the transient model 
(modified from Deeds and Jigmond, 2015). 
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 Environmental Impacts 
GMA 1 District Representatives considered environmental impacts, including impacts on spring 
flow and other interactions between groundwater and surface water. Since groundwater and surface 
water are hydrologically linked, reductions in groundwater levels can lead to either reduced outflow 
to surface water or increased inflow from surface water (or both). Figure 4.4 below shows the 
change in net flow between groundwater in the lower portion of the Dockum Aquifer and perennial 
surface water features as represented in the MODFLOW River Package in HPASGAM. With the 
substantial increase in pumping associated with the DFC model run, the flow reverses from a net 
outflow from the Dockum Aquifer to surface water to a net inflow to the Dockum Aquifer from 
surface water. The change is greatest in Oldham County where the Dockum Aquifer has a large 
outcrop area and interacts with the Canadian River.  
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Figure 4.4  Projected interactions between surface water and groundwater for the Lower Dockum 
Aquifer, based on the effects of predicted groundwater pumping from the adopted 
DFCs. 
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 Subsidence Impacts 
GMA 1 District Representatives considered potential impacts of the adopted DFCs on land 
subsidence. This included a review of the causes and mechanisms of land surface subsidence and 
the results of a recent study on subsidence risk throughout Texas (Furnans and others, 2017). The 
Furnans and others (2017) study concluded that the Dockum Aquifer presented a “medium” risk of 
compaction leading to subsidence. The study was based on review of driller’s lithologic logs, 
historical water level changes, and hydraulic properties in the groundwater availability models.  

As noted by the GMA 1 Districts and the US Geological Survey fact sheet on subsidence in the 
United States (Galloway and others, 2000), substantial subsidence has not historically been 
observed or linked to groundwater production in GMA 1. Though the Dockum Aquifer has not had 
the substantial development and water level declines historically to the degree the Ogallala Aquifer 
has, it is also an older (Triassic) geologic unit, more consolidated, and likely less susceptible to 
subsidence. After considering the data and methods used in Furnans and others (2017) subsidence 
study in the context of other available information on subsidence in the area, the GMA 1 Districts 
concluded that subsidence has not been an issue and is unlikely to be an issue in GMA 1 in the 
future under the adopted DFCs. 

 Socioeconomic Impacts 
GMA 1 District Representatives considered socioeconomic impact studies prepared by the TWDB 
for regional water planning purposes, along with multiple other studies that target areas in GMA 1 
based on the DFCs options during joint planning meetings identified in Table 1.1. Additional 
information about the sources reviewed and considered is provided in Section 3.4.6 above. Specific 
to the Dockum Aquifer, the GMA 1 Districts do not anticipate significant negative socioeconomic 
impacts associated with the adopted DFCs. The adopted DFCs allow for substantial additional 
development of the aquifer, but with projected aquifer impacts that should not create substantial 
negative socioeconomic impacts to existing water users.   

 Private Property Impacts 
GMA 1 District Representatives considered the impact on the interests and rights in private 
property, including ownership and the rights of landowners and their lessees and assigns in 
groundwater during joint planning meeting described in Table 1.1. A full discussion of GMA 1 
consideration of this Factor is provided under Section 3.4.7 Private Property Impacts of this 
explanatory report. 

 Achievement Feasibility 
GMA 1 District Representatives considered the feasibility of achieving the adopted DFCs. 
Conceptually, there are two elements to the feasibility of achieving the DFCs: regulatory feasibility 
and physical feasibility. 

Regulatory feasibility refers to whether the GMA 1 Districts have within the Texas Water Code and 
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their respective enabling legislation the regulatory tools necessary to achieve the DFCs. For 
example, some uses of groundwater (such as for rural domestic, livestock, or drilling for oil and 
gas) are generally exempt from production limits by a GCD. If the total expected pumping of these 
combined uses exceeded the groundwater availability associated with the DFC, then the DFC would 
clearly not be regulatorily feasible. That is, the Districts would not have the authority to manage 
groundwater production to achieve the DFCs. As described above, current use of the Dockum 
Aquifer is small, and the pumping associated with the adopted DFCs far exceeds this amount. The 
GMA 1 Districts considered this information and determined that the adopted DFCs are regulatorily 
feasible. 

Physical feasibility refers to whether the various DFCs in the GMA can be achieved concurrently. 
The physical feasibility is demonstrated by use of the model. The model run associated with the 
adopted DFCs shows that each of the DFCs for the Ogallala Aquifer (inclusive of the Rita Blanca) 
and the Dockum Aquifer can be achieved concurrently. 

 Other Information 
TWC Section 36.108(d)(9) requires the districts to consider any other information relevant to the 
specific DFCs. The GMA 1 Districts considered whether other information existed that was 
necessary to review to inform the DFCs and determined that all information necessary was 
considered under the other eight factors. 

 Discussion of Other DFCs Considered 
GMA 1 District Representatives chose first to evaluate the appropriateness of the DFCs adopted for 
the Dockum Aquifer during the 2016 round of joint planning, with minor modifications to the base 
year and extension to 2080 as discussed above. After reviewing and considering the model results, 
the GMA 1 representatives determined that the adopted DFCs remain appropriate for the Dockum 
Aquifer. No other DFC options for the Dockum Aquifer were formally considered. 

 Discussion of Other Recommendations 
GMA 1 District Representatives provided the public opportunity to comment on the DFC Joint 
Planning Process or recommend other DFCs at each joint planning meeting. Each District also held 
respective public hearings to discuss the Proposed DFCs with the public in their local service areas. 

 Advisory Committees 
GMA 1 District Representatives did not establish advisory committees for this round of planning 
and therefore no comment from such committees were filed. 

 Public Comments 
On March 18, 2021, the GMA 1 Districts unanimously voted to adopt Proposed DFCs for the major 
aquifers in the Joint Planning Area. 

A public comment period of not less than 90 days began on March 18, 2021. During the public 
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comment period and after posting notice as required by TWC Section 36.063, each district held at 
least one public hearing on proposed DFCs relevant to that district. During the public comment 
period, the districts made available in its office a copy of the proposed DFCs and any supporting 
materials. All documents considered in the joint planning process were organized and posted for the 
convenience of the public and GMA 1 membership. This included posting materials online at 
www.panhandlewater.org/gma-1. Individual districts held public hearings during the statutorily 
required not less than 90-day public input phase prior to the final adoption of DFCs.   

After the public hearings and public comment period, the GMA 1 Districts reviewed relevant public 
comments received at the August 26, 2021 Joint Planning meeting prior to adopting DFCs. 

Through the public input process, GMA 1 Districts received 3 public comments, all of which were 
submitted to High Plains District. These summary reports documenting the public hearings 
conducted  and comments received  are included in Appendix V – Summary Reports and Public 
Comments Received.

http://www.panhandlewater.org/gma-1
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5 NON-RELEVANT AQUIFERS 
GMA 1 District Representatives considered the relevance of the Blaine Aquifer in the overall 
scheme of joint planning to adopt DFCs for GMA 1. The Blaine Aquifer is in portions of Panhandle 
GCD in Wheeler County and is managed. However, only a small number of wells are currently 
permitted in the aquifer. The Panhandle GCD requested that GMA 1 District Representatives 
classify the Blaine Aquifer in GMA 1 as non-relevant for joint planning purposes.  

The Blaine Aquifer, both within Panhandle GCD and in GMA 1, is isolated to the south- 
southeastern portion of Wheeler County (see Figure 5.1). A more detailed map of the Blaine Aquifer 
(subcrop only), along with the locations of registered/permitted Blaine Aquifer wells is illustrated 
in Figure 5.2. 

Figure 5.1  Map of minor aquifers designated by the TWDB in GMA 1 
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Figure 5.2  Map of the Blaine Aquifer in Wheeler County including locations of registered/permitted 
Blaine Aquifer wells. 

 

Due primarily to poor water quality, there has been only limited scientific research published on the 
Blaine Aquifer. A few of the more notable publications on the Blaine Aquifer are George and others 
(2011), Hopkins and Muller (2011) and Maderak (1973). Another good reference is the 2007 Texas 
Water Plan (TWDB, 2007). The Blaine Aquifer, one of 21 minor aquifers designated in Texas, is 
part of the Permian Blaine Formation, which is made up of cycles of marine and non-marine 
sediments deposited in a broad, shallow sea (George and others, 2011). Groundwater in this aquifer 
is generally present in solution channels and caverns within strata composed of anhydrite and 
gypsum. The interaction of groundwater flowing through these calcium-sodium-magnesium- 
sulfate dominated sediments provides an explanation for the poor water quality of the Blaine 
Aquifer. According to TWDB (2007), the average saturated thickness for the Blaine Aquifer 
regionally is 137 feet. The Blaine Aquifer is approximately 20 to 35 miles wide and located along 
the eastern edge of the Texas Panhandle from Wheeler County in the north to Nolan County in the 
south. The aquifer occurs in portions of 16 counties. According to Hopkins and Muller (2011) water 
quality for the Blaine Aquifer in Wheeler County ranges from 1,000 – 3,000 total dissolved solids. 

While the Blaine Aquifer is an important water resource to the southeast of GMA 1, in Wheeler 
County and GMA 1 it has limited use. The Blaine Aquifer in Wheeler County is used primarily for 
domestic and livestock purposes, which are exempt from permitting by GCDs.  

Table 5.3 includes estimates of TERS for the Blaine Aquifer in Wheeler County (from Kohlrenken, 
2013). The limitations of the TERS calculations described for the Ogallala and Dockum aquifers 
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above also apply to the Blaine Aquifer.  

Due to the very limited use of the Blaine Aquifer in Wheeler County, as described above, at this 
time we do not feel that sufficient justification exists to develop statements of DFCs, management 
goals, objectives, performance standards, and rules for the Blaine Aquifer in Wheeler County. 

Table 5.3 Total estimated recoverable storage for the Blaine Aquifer in Wheeler County. 

County Total Storage (acre 
feet) 

25 percent of 
Total Storage 

(acre feet) 

75 percent of Total 
Storage 

(acre feet) 

Wheeler 6,700,000 1,675,000 5,025,000 
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D. Groundwater Management Area and requested by whom 
This memorandum provides a summary of the simulation of the High Plains Aquifer System 
Groundwater Availability Model that is consistent with the Desired Future Conditions (DFCs) adopted by 
Groundwater Management Area 1 on August 26, 2021. These are described below. 

 

E. Description of Desired Future Conditions (DFCs) 
The Ogallala Aquifer (inclusive of Rita Blanca) DFCs adopted by GMA 1 are as follows: 

o At least 40 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Dallam, Hartley, Moore, and Sherman counties. 
 

o At least 50 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Hansford, Hutchinson, Lipscomb, Ochiltree, Carson, Donley, Gray, Roberts, 
Wheeler, and Oldham Counties; and within the Panhandle District portions of Armstrong 
and Potter Counties. 
 

o At least 80 percent of volume in storage remaining for each 50-year period between 2018 
and 2080 in Hemphill County. 
 

o Approximately 20 feet of total average drawdown for each 50-year period between 2012 
and 2080 in Randall County and within High Plains District in Armstrong and in Potter 
Counties. 
 

o The Dockum Aquifer DFCs adopted by GMA 1 are as follows: 
o At least 40 percent of the average available drawdown remaining for each 50-year period 

between 2018 and 2080 for Dallam, Hartley, Moore, and Sherman Counties 
 

o No more than 30 feet average decline in water levels for each 50-year period between 
2018 and 2080 in Oldham and Carson Counties and the Panhandle District portions of 
Potter and Armstrong Counties; and 
 

o Approximately 40 feet average decline in water levels for each 50-year period between 
2012 and 2080 in Randall County and within High Plains District in Armstrong and 
Potter Counties.  



 
 Appendix III – Documentation of Model Run Technical Elements – Page 3 of 42 

F. Modeling Methods Document 
i. Groundwater availability model (GAM) version or acceptable alternative model, and version of 
acceptable pre-/post-processor used 

To evaluate the DFCs we selected the High Plains Aquifer System Groundwater Availability Model 
(HPAS GAM) (Deeds and Jigmond, 2015), a regional groundwater flow model that incorporates the 
Ogallala, Rita Blanca, Edwards-Trinity (High Plains), and Dockum aquifers. In December 2015, TWDB 
accepted the HPAS GAM as the official GAM for the region. The model was updated in 2020 by Wade 
Oliver, P.G. and Lakin Beal to extend the calibration period through 2018.  

Model run modifications and output processing were done in the Python scripting language. No 
proprietary pre- or post-processor (such as Groundwater Vistas) was used in the development or running 
of the model. 

ii. Description of stress periods and corresponding years 

Deeds and others (2015): 

The High Plains Aquifer System groundwater availability model (HPAS GAM) calibration period 
has 84 stress periods, starting with a steady-state stress period that represents predevelopment 
conditions. The second, and all subsequent stress periods are transient. The second stress period 
represents year 1930, with all transient stress periods lasting one year up to stress period 84, 
which represents year 2012. Years which correspond to leap years are 366 days long, and the 
other stress periods are 365 days long. 

Model Extension: 

The model update performed in 2020 extends the end of the calibration period of the original 
HPAS GAM from 2012 through 2018. Stress periods are the same length as those in the original 
model and are also transient. Years which correspond to leap years are 366 days long, and the 
other stress periods are 365 days long. 

Predictive Model: 

The predictive model has 62 transient stress periods, each one year long, starting with 2019 and 
ending in 2080. Years which correspond to leap years are 366 days long, and the other stress 
periods are 365 days long. 
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iii. If the end of the calibration period is different from the start of the predictive simulations, 
describe assumptions for projecting model from end of calibration to beginning conditions for 
predictive simulation including pumping, recharge, and related surface water heads. Include 
targets and hydrographs, as applicable, in appendix as well as electronic copies. 

The original historical model, Deeds and others (2015), was calibrated through the year 2012 using a 
pumping grid which corresponded to well locations in the study area. The model update performed in 
2020 extended the calibration period of the model through 2018 to establish initial water levels in the 
model. The model update moved the start of the predictive period to match the end of the calibration 
period. No hydraulic properties or surface water parameters were adjusted during the update. An extended 
pumping file was created using pumping data provided by Groundwater Conservation Districts and water 
use survey data. The updated historical model was run, and the simulated water levels were statistically 
compared to measured water levels between 2012 and 2018 to ensure the model was responding 
realistically to pumping trends and were still within calibration standards. For the development of DFCs, 
2018 was used as the reference year in all cases except for Randall County and the High Plains UWCD 
portions of GMA 1, which used 2012 as the reference year. The last year of the predictive simulation is 
2080. Hydrographs and model-update calibration quality graphs are presented in Appendix IV – Factor 
Analysis within the presentations slides from the February 18, 2020 GMA 1 Joint Planning Meeting. 

Inflow from rivers increases every year during the simulation. The model does not account for surface 
water availability, so the assumption is that water is always available from rivers throughout the 
simulation. Outflow due to springs decreases every year during the simulation. Evapotranspiration 
decreases yearly throughout the simulation.  

iv. Assumption for recharge, i.e. what years averaged and/or drought and related stress periods, 
etc. 

In the original historical model, recharge increases continuously through time in the Ogallala Aquifer due 
to the “breakthrough” of agriculturally enhanced recharge at various decades in the southern portion of 
the study. Recharge in the Dockum Aquifer also increases through time due to agriculturally enhanced 
percolation in some areas. The HPAS GAM estimates recharge for the Ogallala in GMA 1 was 324,889 
acre-feet per year before pumping began. The Rita Blanca Aquifer within GMA 1 does not recharge 
directly from precipitation or receive inflow from rivers because it is not exposed at the surface or 
intersect rivers in the area to receive water. The HPAS GAM estimates recharge for the Dockum Aquifer 
is approximately 8,600 acre-feet per year. This only occurs in the lower portion of the Dockum Aquifer 
because the upper portion of the Dockum does not outcrop at land surface. 

In the model update and in the predictive simulation for the area which encompasses GMA 1, constant 
average annual recharge values are assumed through time for both the Ogallala and lower Dockum 
Aquifers, whereas zero recharge are assumed for the Rita Blanca and upper Dockum Aquifers. These 
values are the same as the 2018 recharge rates which were applied in the calibration period. 
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v. Assumption for pumping in prediction 

To achieve DFC targets, a certain volume, the magnitude of which is reliant on the hydrologic properties 
of the aquifer, must be removed from each model grid cell over each stress period. Fluid volume is 
calculated as: 

 

𝑉𝑉 = 𝑑𝑑 ∗ 𝑆𝑆𝑦𝑦 ∗ 𝐴𝐴 

 

where 𝑑𝑑 is saturated thickness, 𝑆𝑆𝑦𝑦 is specific yield of the aquifer, and 𝐴𝐴 is the area of the model grid cell. 
The desired change in volume in a grid cell over each stress period was calculated using different 
equations that reflect the DFC target. For the case where the DFC target was a volume percentage 
remaining in storage through a 50-year period, the volume remaining was calculated as: 

 

𝑉𝑉 = 𝑉𝑉𝑡𝑡
𝑦𝑦𝑦𝑦−2018

50   

 

where 𝑉𝑉 is the volume remaining, 𝑉𝑉𝑡𝑡 is the target volume percentage, and 𝑦𝑦𝑦𝑦 is the year for which the 
calculations are being performed. Figure 1 demonstrates the application of this equation. 

 

 Figure 1. Example graph of 50% volume percentage remaining in storage through each 50-year 
 period as described by the DFC target. 
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For the cases where the target was average drawdown through a 50-year period, we calculated the 
drawdown as: 

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =  
∑ (ℎ𝑦𝑦𝑦𝑦 −  ℎ𝑦𝑦𝑦𝑦+50)𝑛𝑛
𝑖𝑖=1

𝑛𝑛
 

 

where ℎ𝑦𝑦𝑦𝑦 is the head in a grid cell in any year, ℎ𝑦𝑦𝑦𝑦+50 is the head in a grid cell after 50 years of 
simulation time, and 𝑛𝑛 is the number of grid cells. If the head in a cell is at or below the cell bottom, 
conventionally referred to as a “dry cell,” the cell is then not considered in the drawdown calculations. 
Figure 2 demonstrates an idealized head value for a single grid cell through the total simulation time 
which reflects the DFC target. 

 

Figure 2. Example graph of 20 feet average drawdown through each 50-year period as 
 described by the DFC target.  
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For the case where the target was a fraction of available drawdown remaining through a 50-year period, a 
DFC which only affects the lower Dockum Aquifer, the fraction remaining was calculated differently 
based on whether a model cell was designated as “outcrop” or “confined” in the MODFLOW BAS 
package. This designation was made a priori and was not changed based on the position of the simulated 
head in reference to the layer top. 

If IBOUND == 71 in the BAS package, which designates lower Dockum outcrop, available drawdown in 
a cell was calculated as follows: 

 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 =  ℎ𝑖𝑖,𝑦𝑦𝑦𝑦,4 −  𝑒𝑒𝑒𝑒𝑖𝑖,𝑏𝑏,4 

 

where 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 is the drawdown in cell 𝑖𝑖 in year 𝑦𝑦𝑦𝑦, ℎ𝑖𝑖,𝑦𝑦𝑦𝑦,4 is the head in cell 𝑖𝑖 in layer 4 in year 𝑦𝑦𝑦𝑦, and 
𝑒𝑒𝑒𝑒𝑖𝑖,𝑏𝑏,4 is the elevation of the top of layer 4 in cell 𝑖𝑖. If ℎ𝑖𝑖,2018,4 <  𝑒𝑒𝑒𝑒𝑖𝑖,𝑏𝑏,4 then the cell is not considered in 
the average. If ℎ𝑖𝑖,2080,4 <  𝑒𝑒𝑒𝑒𝑖𝑖,𝑏𝑏,4 then 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 = 0, and that zero is included in the average. 

If IBOUND == 72 in the BAS package, which designates confined lower Dockum, available drawdown 
in a cell was calculated as follows: 

 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 =  ℎ𝑖𝑖,𝑦𝑦𝑦𝑦,4 −  𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡,4 

 

where 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 is the available drawdown in cell i in year yr, ℎ𝑖𝑖,𝑦𝑦𝑦𝑦,4  is the head in cell i in layer 4 in year 
yr, and 𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡,4  is the elevation of the top of layer 4 in cell i. If ℎ𝑖𝑖,2018,4 <  𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡,4 then the cell is not 
considered in the average. If ℎ𝑖𝑖,2062,4 < 𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡,4 then 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦 = 0, and that zero is included in the average. 

Figure 3 demonstrates and idealized case of available drawdown remaining in a single cell over the 
simulation time as designated by the DFC target. 

The fraction available drawdown remaining for a zone is calculated as: 

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
∑

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦+50
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖,𝑦𝑦𝑦𝑦

𝑛𝑛
𝑖𝑖=1

𝑛𝑛
 

 

where 𝑛𝑛 is the number of cells in the zone that were considered in the calculation. All cells (both 
IBOUND == 71 and IBOUND == 72) were used in the calculation of a single value for the zone. The 
Rita Blanca and Ogallala fraction remaining estimates were aggregated by area weighting the fractions 
(i.e., weighting by the number of cells considered for each of the aquifers). 
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Figure 3. Example graph of 40% available drawdown through each 50-year period as described 
 by the DFC target. 

 

The DFC targets were used to calculate a remaining saturated thickness in each cell at the end of each 
stress period. The pumping applied in the predictive model’s WEL file was determined using a two-step 
modeling process. The predictive model was run twice: no pumping was applied during the first run and 
the DRN package was utilized to remove a certain volume from each aquifer layer in a grid cell 
equivalent to the change in ideal saturated thickness corresponding to DFC targets. The volume removed 
during each stress period was recorded for each cell and was used as the input pumping during the second 
predictive model run. 

 

G. Version of TWDB “model grid” file that associates model grids with 
counties, groundwater conservation districts, river basins, groundwater 
management areas, and regional water planning areas within the model study 
area using a centroid based approach.  
We used the “hpas_grid_poly010620.shp” version of the model grid. The column “DFC_ZONES” 
contains the political zones upon which the DFCs were based. 

  

0%

20%

40%

60%

80%

100%

120%

20
18

20
21

20
24

20
27

20
30

20
33

20
36

20
39

20
42

20
45

20
48

20
51

20
54

20
57

20
60

20
63

20
66

20
69

20
72

20
75

20
78Re

m
ai

ni
ng

 D
ra

w
do

w
n 

Pe
rc

en
ta

ge

Stress Periods

Remaining Available Drawdown



 
 Appendix III – Documentation of Model Run Technical Elements – Page 9 of 42 

H. Description of method used to extract data from model; for example, 
method and assumptions used to average drawdown, etc. Include a 
description of how dry cells were treated in averaging drawdown. 
Methods used to extract data were the same as those used to calculate drawdown, as referenced in Section 
F subsection v. Dry cells were treated differently for each DFC: 

For the cases where the target was average drawdown through a 50-year period:  

• Dry cells were not included in the drawdown calculations. 

For the case where the target was a fraction of available drawdown remaining through a 50-year period:  

• If the cell is dry in 2018, then the cell is not considered in the calculation of average available 
drawdown remaining. 

• If the cell goes dry between 2018 and 2080, then available drawdown is set to 0 for this cell, and 
the cell is included in the calculation of average available drawdown remaining. 

Volumetric calculations were done using model hydraulic properties as shown in the equation in Section 
F subsection v above.  

 

I. Results Section to include appropriate tables of pumping versus drawdown, 
volume, surface water discharge, etc. by aquifer, layer, etc. as applicable to 
the DFC statement. 
In this section, calculated pumping values which satisfy the DFC statements are reported in Tables 1 and 
2. Figures 4 – 33 show calculated drawdowns in each aquifer by decade (from Appendix D). 
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Table 1. Pumping values which satisfy the DFC statements in the Ogallala/Rita Blanca Aquifers. 
 Values reported by decade. 

 

  

2020 2030 2040 2050 2060 2070 2080
37,182 45,846 52,100 55,658 57,918 59,295 60,051

Hemphill 37,182 45,846 52,100 55,658 57,918 59,295 60,051
44,925 41,951 35,006 28,530 23,152 19,144 16,114

Armstrong 5,667 4,716 3,001 1,878 1,179 969 784
Potter 2,343 2,539 2,357 2,051 1,631 1,075 801

Randall 36,915 34,697 29,648 24,601 20,343 17,100 14,529
1,988,622 1,875,121 1,697,404 1,533,765 1,381,478 1,239,976 1,111,652

Dallam 319,323 269,752 228,251 195,016 165,443 144,455 127,992
Hansford 296,868 295,895 281,027 264,464 247,229 229,951 211,025

Hartley 354,907 270,408 207,323 170,002 144,264 124,448 108,128
Hutchinson 77,759 80,242 77,674 74,510 70,462 67,541 63,950

Lipscomb 250,966 270,997 262,931 250,133 235,071 219,119 201,565
Moore 140,116 139,837 132,461 121,696 105,913 88,223 72,976

Ochiltree 259,136 260,144 246,760 231,654 215,169 199,455 180,919
Sherman 289,546 287,846 260,978 226,290 197,926 166,784 145,097

979,448 1,053,106 1,013,268 949,684 879,583 813,865 734,607
Armstrong 56,821 51,760 45,662 40,268 35,017 30,705 27,080

Carson 162,975 166,133 159,424 149,866 140,958 134,453 121,522
Donley 72,596 78,318 76,996 72,649 66,893 60,955 53,227

Gray 177,264 181,767 173,242 160,488 146,740 133,890 121,683
Hutchinson 8,506 10,596 11,774 11,792 11,403 10,782 9,586

Potter 23,972 22,260 19,549 16,487 13,579 10,997 8,803
Roberts 357,959 409,569 394,109 369,578 343,395 317,738 285,999

Wheeler 119,354 132,702 132,512 128,557 121,599 114,345 106,707
136,155 134,059 120,162 103,627 87,940 74,965 64,550

Hartley 15,523 16,391 15,601 14,319 12,962 11,654 10,413
Hutchinson 33,885 32,988 28,313 24,075 20,934 18,588 17,168

Moore 8,685 9,687 9,395 8,251 7,107 6,202 5,506
Oldham 40,412 39,092 36,116 31,239 25,989 21,407 18,004
Randall 37,650 35,901 30,736 25,742 20,948 17,114 13,460

3,186,332 3,150,084 2,917,940 2,671,264 2,430,072 2,207,245 1,986,974

Non-District Areas

GMA 1 Total

Ogallala/Rita Blanca Aquifer Pumping by Decade (acre-feet per year)

Hemphill County UWCD

High Plains UWCD No.1

North Plains GCD

Panhandle GCD
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Table 2.  Pumping values which satisfy the DFC statements in the Dockum Aquifer. Values 
 reported by decade. 

 

  

2020 2030 2040 2050 2060 2070 2080
11,489 12,235 12,305 10,971 10,179 10,085 10,155

Armstrong 1,849 835 221 221 221 221 221
Potter 2,658 2,658 2,402 2,316 2,276 2,249 2,168

Randall 6,982 8,742 9,683 8,434 7,682 7,615 7,766
33,262 33,170 31,424 29,745 28,304 26,928 25,715

Dallam 15,953 15,549 14,687 14,045 13,502 12,920 12,406
Hartley 12,379 11,802 11,031 10,343 9,737 9,242 8,815
Moore 4,487 5,402 5,398 5,068 4,773 4,477 4,204

Sherman 444 416 309 289 293 288 290
35,405 44,836 45,885 45,599 44,643 43,623 42,403

Armstrong 5,302 7,107 8,105 8,607 8,830 8,909 8,895
Carson 6 6 6 6 6 6 6
Potter 30,097 37,723 37,774 36,987 35,806 34,707 33,501

207,317 236,532 231,191 218,086 200,544 179,456 162,332
Hartley 44,168 52,833 52,986 50,465 46,810 43,002 39,229
Moore 241 560 593 617 641 645 624

Oldham 143,936 153,889 145,622 135,482 124,602 114,645 105,122
Randall 18,974 29,250 31,990 31,523 28,491 21,163 17,357

287,474 326,773 320,806 304,402 283,670 260,092 240,605

Dockum Aquifer Pumping by Decade (acre-feet per year)

GMA 1 Total

Non-District Areas

Panhandle GCD

North Plains GCD

High Plains UWCD No.1
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Figure 4. Map of Initial Saturated Thickness in the Ogallala Aquifer. 
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Figure 5. Map of Saturated Thickness in the Ogallala Aquifer in the 2020 stress period. 
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Figure 6. Map of Saturated Thickness in the Ogallala Aquifer in the 2030 stress period. 
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Figure 7. Map of Saturated Thickness in the Ogallala Aquifer in the 2040 stress period. 
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Figure 8. Map of Saturated Thickness in the Ogallala Aquifer in the 2050 stress period. 
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Figure 9. Map of Saturated Thickness in the Ogallala Aquifer in the 2060 stress period. 
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Figure 10. Map of Saturated Thickness in the Ogallala Aquifer in the 2070 stress period. 
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Figure 11. Map of Saturated Thickness in the Ogallala Aquifer in the 2080 stress period. 
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Figure 12. Map of Initial Saturated Thickness in the Rita Blanca Aquifer. 

 

  



 
 Appendix III – Documentation of Model Run Technical Elements – Page 21 of 42 

Figure 13. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2020 stress period. 
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Figure 14. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2030 stress period. 
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Figure 15. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2040 stress period. 
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Figure 16. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2050 stress period. 
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Figure 17. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2060 stress period. 
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Figure 18. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2070 stress period. 
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Figure 19. Map of Saturated Thickness in the Rita Blanca Aquifer in the 2080 stress period. 
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Figure 20. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2020 stress period. 
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Figure 21. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2030 stress period. 
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Figure 22. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2040 stress period. 
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Figure 23. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2050 stress period. 
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Figure 24. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2060 stress period. 
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Figure 25. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2070 stress period. 
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Figure 26. Map of Predicted Drawdown in the Upper Dockum Aquifer in the 2080 stress period. 
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Figure 27. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2020 stress period. 
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Figure 28. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2030 stress period. 

 

  



 
 Appendix III – Documentation of Model Run Technical Elements – Page 37 of 42 

Figure 29. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2040 stress period. 
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Figure 30. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2050 stress period. 

 

  



 
 Appendix III – Documentation of Model Run Technical Elements – Page 39 of 42 

Figure 31. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2060 stress period. 
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Figure 32. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2070 stress period. 
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Figure 33. Map of Predicted Drawdown in the Lower Dockum Aquifer in the 2080 stress period. 
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Objectives

Joint Planning Overview

Review Proposed Schedule

Review Aquifer Uses and Conditions

Next Steps



Groundwater Acronyms and Definitions

GCD - Groundwater Conservation District: 
any district or authority created under 
Section 52, Article III, or Section 59, Article 
XVI, Texas Constitution, that has the authority 
to regulate the spacing of water wells, the 
production from water wells, or both. (TWC 
Ch. 36)

GMA - Groundwater Management Area: an 
area designated and delineated by the Texas 
Water Development Board under Chapter 35 
as an area suitable for management of 
groundwater resources. (TWC Ch. 36)

DFC - Desired Future Condition: a 
quantitative description, adopted in 
accordance with Section 36.108, of the 
desired condition of the groundwater 
resources in a management area at one or 
more specified future times. 
(TWC Ch. 36)

MAG - Modeled Available Groundwater: 
the amount of water that the executive 
administrator [of TWDB] determines may 
be produced on an average annual basis 
to achieve a desired future condition 
established under Section 36.108. 
(TWC Ch. 36)

Aquifer: A rock unit that can yield 
economically usable quantities of water 
to a well.

Water Level (Head): The level to which 
water rises in a well. A measure of the 
pressure in an aquifer.

Drawdown: A water level change (usually 
drop) at a well or on a regional basis.

Recharge: The amount of water 
that infiltrates to the water 
table of an aquifer.
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Balancing Test

DFCs must provide “a balance between the highest 
practicable level of  groundwater production and 
the conservation, preservation, protection, 
recharging, and prevention of  waste of  
groundwater and control of  subsidence in the 
management area”



Consideration of  Factors

 Aquifer uses or conditions

 Water supply needs and management strategies

 Hydrological conditions

 Other environmental impacts

 Impact on subsidence

 Socioeconomic impacts

 Impact on private property rights

 Feasibility of  achieving the DFC

 Any other relevant information
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GMA 1 Groundwater Pumping by Use Type

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000
Gr

ou
nd

w
at

er
 P

um
pi

ng
 (a

cr
e-

fe
et

 p
er

 y
ea

r)

Irrigation Livestock Manufacturing Mining Municipal Power



Annual Pumping by Aquifer
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Water Use Survey Data Sources
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Also Available by County
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Next Steps

Post and Review County-by-County Data (Factor 1)

Water Supply Needs and Water Management 
Strategies in the State Water Plan

Hydrological Conditions

Begin Update of  Calibration Period Pumping





Appendix A: County Well Depths and Yields

See Separate Files















































































Appendix B: County Pumping by Aquifer and Use
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Discussion and Consideration of  Water Supply Needs 
and Management Strategies and Hydrological Conditions



Objectives

Where We Are in the Process

Water Supply Needs and Management Strategies in 
the State Water Plan

Hydrological Conditions
–Geologic Setting

–Total Estimated Recoverable Storage

–Water Budgets (next meeting)

Next Steps



Consideration of  Factors

Aquifer uses or conditions (discussion on October 28, 2019)

 Water supply needs and management strategies (today)

 Hydrological conditions (today)

 Other environmental impacts

 Impact on subsidence

 Socioeconomic impacts

 Impact on private property rights

 Feasibility of  achieving the DFC

 Any other relevant information



Balancing Test

DFCs must provide “a balance between the highest 
practicable level of  groundwater production and 
the conservation, preservation, protection, 
recharging, and prevention of  waste of  
groundwater and control of  subsidence in the 
management area”



Regional Water Planning

Region A and 
GMA 1























Other Strategies







Consideration of  Factors

Aquifer uses or conditions (discussion on October 28, 2019)

 Water supply needs and management strategies (today)

 Hydrological conditions (today)

 Other environmental impacts

 Impact on subsidence

 Socioeconomic impacts

 Impact on private property rights

 Feasibility of  achieving the DFC

 Any other relevant information







Geologic Setting



Surface Geology (Geologic Atlas of  Texas)



Surface Geology (Geologic Atlas of  Texas)

20x Vertical Exaggeration



Fortress Cliff

Imagery: Google Earth



Fortress Cliff



Total Estimated Recoverable Storage –
The estimated amount of  groundwater within an 
aquifer that accounts for recovery scenarios that 
range between 25% and 75% of  the porosity-
adjusted aquifer volume

Texas Administrative Code Sec. 356.10



GMA

Total Estimated 
Storage 

(million acre-feet)
   
 

   
  
 

   
  

1                                588 
2                                968 
3                                476 
4                                160 
5  NA       
6                                180 
7                                447 
8                            1,628 
9                                  33 

10                                  46 
11                            2,488 
12                            1,380 
13                            2,756 
14                            3,085 
15                                443 
16                            2,205 

Total                          16,883 

TERS Across Texas













• No consideration given to:
• Aquifer water quality
• Water levels dropping below pumps
• Land surface subsidence
• Degradation of  water quality
• Changes to surface water-groundwater interaction
• Recharge
• Practicality/economics of  development

• As calculated, the 25% to 75% TERS range represents the approximate fraction of  
total storage in the aquifer that is in the water-producing zones (e.g. sands), not 
what is “recoverable” from those zones.

• TERS is a simple volumetric calculation that does not account for many important 
factors that limit groundwater production

TERS - Limitations



Useful References

 GAM Task 15-006: Total Estimated Recoverable Storage for Aquifers in GMA 14
 Kohlrenken (2015)
 http://www.twdb.texas.gov/groundwater/docs/GAMruns/Task15-006.pdf?d=8053.010000003269

 Basic Groundwater Hydrology
 Heath (1983)
 https://pubs.usgs.gov/wsp/2220/report.pdf

 The Geologic Story of Palo Duro Canyon
 Matthews (1969)
 http://www.gutenberg.readingroo.ms/5/2/1/7/52179/52179-h/52179-h.htm

 The Water Budget Myth Revisited: Why Hydrogeologists Model
 Bredehoeft (2005)
 https://ngwa.onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2002.tb02511.x

 Another Water Budget Myth: The Significance of Recoverable Ground Water in Storage
 Alley (2007)
 https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1601&context=usgsstaffpub

http://www.twdb.texas.gov/groundwater/docs/GAMruns/Task15-006.pdf?d=8053.010000003269
https://pubs.usgs.gov/wsp/2220/report.pdf
http://www.gutenberg.readingroo.ms/5/2/1/7/52179/52179-h/52179-h.htm
https://ngwa.onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2002.tb02511.x
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1601&context=usgsstaffpub
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Factor 1: Aquifer Uses and 
Conditions

Factor 2: Water Supply Needs 
and Management Strategies

Factor 3: Hydrological 
Conditions

Factor 4: Environmental 
Impacts

Factor 5: Impact on Subsidence

Factor 6: Socioeconomic 
Impacts

Factor 7: Private Property 
Interests and Rights

Factor 8: Feasibil ity of 
Achieving the DFCs

Factor 9: Other Relevant 
Information

Pumping Update to 2018 and 
Calibration Verification

Selection of Model Runs and 
Metrics for Evaluation

Model Runs, Presentation and 
Documentation

Explanatory Report 
Development

Propose DFC(s) for Adoption 
(Deadline May 1, 2021)

Public Comment Period

Final Adoption of DFCs 
(Deadline January 5, 2022)
Anticipated Joint Planning 

Meetings

2020 20212019
GMA 1 Joint Planning Schedule



Appendix: County State Water Plan Information
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512.425.2009

High Plains Aquifer System GAM Pumping Update and 
Consideration of  Model Run Scenarios and Metrics



Agenda Items

Item 7: Presentation by INTERA of  ther esults
of  the model run as requested by GMA #1 at 
the meeting on 2/18/2020

Item 8: Discuss and consider potential paths 
forward in the joint planning process, 
including but not limited to selection of  
additional model run scenario(s) and metric(s) 
for further evaluation



Model run results should include

Restatement of  Model Run Request
Maps of  drawdown by aquifer

Maps of  percent remaining by aquifer

Table of  MAGs



Agenda Item 7



Purpose of  Pumping Update

Allows for GMA 1 to set a base year for DFC 
that:
–Better reflects more current water level 
conditions

–Better reflects current monitoring network



Process for Updating Pumping

Pumping Data 
from Districts

Water Use 
Survey Data+ Updated GAM 

Pumping

Water Level Data from 
TWDB Groundwater 

Database

Updated Target 
Water Levels

Run and Compare Modeled Water 
Levels Against Measured Water Levels



Measured vs. Modeled Water Levels – Just for GMA 1 

Mean Absolute 
Error

MAE/Range of 
Water Levels

Count

Ogallala 28.8 0.012           62,367 
Rita Blanca 30.7 0.045                 540 

Upper Dockum 31.2 0.034                 105 
Lower Dockum 35.5 0.035             2,153 









Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Measured vs. Modeled Water Levels 



Takeaways from Pumping Update

Reasonably matches water level trends

Still meets calibration standards

Ready to use



Agenda Item 8
Selection of  model runs scenario(s) and 
metric(s) for evaluations during the joint 

planning process



Takeaways from Pumping Update

Does it capture the limiting factor on 
groundwater availability?

How robust is the dataset for the base 
year?

Do I have the necessary access to 
monitor? Or do I need to rely on access 
and assistance outside the District?

How directly can the DFC be monitored?

Scale

Metric

Time 
Period

Objectivity



DF
C 

Co
ve

ra
ge

How Directly DFC Can Be Monitored

Average
Drawdown

(Area)

Change in
Volume

Spring
Flow

Average
Drawdown

(Wells)

Change in
Baseflow

Change in
Lateral Flow



Current DFCs



Current DFCs



Total Estimated Recoverable Storage –
The estimated amount of  groundwater within an 
aquifer that accounts for recovery scenarios that 
range between 25% and 75% of  the porosity-
adjusted aquifer volume

Texas Administrative Code Sec. 356.10



Depletion from Pre-Development
Pre-Development 

(acre-feet)
2012 

(TERS Report)
2018 

(Pumping Update)
2012 Remaining from 

Pre-Development
2018 Remaining from

Pre-Development
Armstrong 5,299,690 4,588,232 4,487,224 87% 85%
Carson 21,082,662 14,900,640 13,609,118 71% 65%
Dallam 28,434,183 14,675,683 11,851,670 52% 42%
Donley 5,002,631 4,374,067 4,094,426 87% 82%
Gray 15,098,100 13,723,363 13,265,959 91% 88%
Hansford 31,316,920 24,114,692 21,701,535 77% 69%
Hartley 28,892,108 17,017,453 13,190,837 59% 46%
Hemphill 15,670,373 15,435,360 15,318,250 99% 98%
Hutchinson 14,746,579 11,098,053 10,096,362 75% 68%
Lipscomb 18,899,169 17,979,129 17,384,032 95% 92%
Moore 19,282,780 10,023,770 7,520,454 52% 39%
Ochiltree 24,295,050 20,598,632 19,460,775 85% 80%
Oldham 2,996,146 2,032,524 1,982,429 68% 66%
Potter 3,058,894 1,940,371 1,843,316 63% 60%
Randall 8,719,558 4,837,328 4,567,300 55% 52%
Roberts 30,988,005 29,922,236 29,038,083 97% 94%
Sherman 31,205,594 17,983,746 13,998,307 58% 45%
Wheeler 7,237,931 7,044,147 6,898,596 97% 95%

Hemphill County UWCD 15,670,373 15,435,360 15,318,250 99% 98%
High Plains UWCD No.1 6,218,637 3,073,831 2,893,016 49% 47%
North Plains GCD 189,564,049 127,275,644 109,261,256 67% 58%
Panhandle GCD 87,669,476 76,866,570 73,617,313 88% 84%

GMA1 Total 312,226,373 232,289,425 210,308,673 74% 67%



Depletion from Pre-Development

Pre-Development 
(acre-feet)

2012 Remaining from 
Pre-Development

2018 Remaining from
Pre-Development

Hemphill County UWCD 15,670,373 99% 98%
High Plains UWCD No.1 6,218,637 49% 47%
North Plains GCD 189,564,049 67% 58%
Panhandle GCD 87,669,476 88% 84%
GMA1 Total 312,226,373 74% 67%



Discussion on Selecting Model Run Scenarios

Current budget includes evaluation of  2 scenarios

Potential Paths Forward
–Go back to boards and discuss run options for next meeting

–Propose one model run to evaluate and discuss at next 
meeting – then propose another, if  necessary, based on 
board feedback and model results

–Propose two model runs to evaluate and discuss at next 
meeting
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Factor 1: Aquifer Uses and 
Conditions

Factor 2: Water Supply Needs 
and Management Strategies

Factor 3: Hydrological 
Conditions

Factor 4: Environmental 
Impacts

Factor 5: Impact on Subsidence

Factor 6: Socioeconomic 
Impacts

Factor 7: Private Property 
Interests and Rights

Factor 8: Feasibil ity of 
Achieving the DFCs

Factor 9: Other Relevant 
Information

Pumping Update to 2018 and 
Calibration Verification

Selection of Model Runs and 
Metrics for Evaluation

Model Runs, Presentation and 
Documentation

Explanatory Report 
Development

Propose DFC(s) for Adoption 
(Deadline May 1, 2021)

Public Comment Period

Final Adoption of DFCs 
(Deadline January 5, 2022)
Anticipated Joint Planning 

Meetings

2020 20212019
GMA 1 Joint Planning Schedule



Aquifer Reference Slides
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High Plains Aquifer System GAM Scenario Results
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Factor 1: Aquifer Uses and 
Conditions

Factor 2: Water Supply Needs 
and Management Strategies

Factor 3: Hydrological 
Conditions

Factor 4: Environmental 
Impacts

Factor 5: Impact on Subsidence

Factor 6: Socioeconomic 
Impacts

Factor 7: Private Property 
Interests and Rights

Factor 8: Feasibility of 
Achieving the DFCs

Factor 9: Other Relevant 
Information

Pumping Update to 2018 and 
Calibration Verification

Selection of Model Runs and 
Metrics for Evaluation

Model Runs, Presentation and 
Documentation

Explanatory Report 
Development

Propose DFC(s) for Adoption 
(Deadline May 1, 2021)

Public Comment Period

Final Adoption of DFCs 
(Deadline January 5, 2022)
Anticipated Joint Planning 

Meetings

2020 20212019
GMA 1 Joint Planning Schedule

 Can adjust schedule 
for additional run

 Has buffer prior to 
May 1, 2021 
deadline for 
proposing DFC(s)

 Can consolidate 
remaining factors 
into 2 meetings 
instead of  3

 TWDB RWP request 
relates to final 
adoption of  DFC(s)
(Deadline 1/5/2022)







Description of  Run Request – Ogallala/Rita Blanca Aquifers

 Dallam, Hartley, Moore and Sherman counties

–At least 40 percent of  the volume in storage remaining for each 50 year period 
between 2018 and 2080

 Hemphill County

–At least 80 percent of  the volume in storage remaining for each 50 year period 
between 2018 and 2080

 High Plains UWCD No. 1 within GMA 1

–20 feet average drawdown for each 50 year period between 2012 and 2080

 All Other Areas

–At least 50 percent of  the volume in storage remaining for each 50 year period 
between 2018 and 2080



Description of  Run Request – Dockum Aquifer

 Dallam, Hartley, Moore and Sherman counties

–At least 40 percent available drawdown remaining for each 50 year period 
between 2018 and 2080

 Oldham and PGCD portion of  Potter, Carson and Armstrong counties

–No more than 30 feet average water level decline for each 50 year period 
between 2018 and 2080

 Randall and HPWD portion of  Armstrong and Potter counties

–No more than 40 feet average water level decline for each 50 year period 
between 2012 and 2080



Difference Between DFC Structures

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 −𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 0.5
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 −2018
50 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

For example, for a 50 percent remaining 
over each 50-year interval:

40/50: 1.82% decline each year relative to previous year

50/50: 1.38% decline each year relative to previous year

80/50: 0.45% decline each year relative to previous year
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Model Scenario Results
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GMA 1 - Ogallala/Rita Blanca Pumping

Pumping Current MAG



2020 2030 2040 2050 2060 2070 2080
37,182 45,846 52,100 55,658 57,918 59,295 60,051

Hemphill 37,182 45,846 52,100 55,658 57,918 59,295 60,051
44,925 41,951 35,006 28,530 23,152 19,144 16,114

Armstrong 5,667 4,716 3,001 1,878 1,179 969 784
Potter 2,343 2,539 2,357 2,051 1,631 1,075 801

Randall 36,915 34,697 29,648 24,601 20,343 17,100 14,529
1,988,622 1,875,121 1,697,404 1,533,765 1,381,478 1,239,976 1,111,652

Dallam 319,323 269,752 228,251 195,016 165,443 144,455 127,992
Hansford 296,868 295,895 281,027 264,464 247,229 229,951 211,025

Hartley 354,907 270,408 207,323 170,002 144,264 124,448 108,128
Hutchinson 77,759 80,242 77,674 74,510 70,462 67,541 63,950

Lipscomb 250,966 270,997 262,931 250,133 235,071 219,119 201,565
Moore 140,116 139,837 132,461 121,696 105,913 88,223 72,976

Ochiltree 259,136 260,144 246,760 231,654 215,169 199,455 180,919
Sherman 289,546 287,846 260,978 226,290 197,926 166,784 145,097

Ogallala/Rita Blanca Aquifer Pumping by Decade (acre-feet per year)

Hemphill County UWCD

High Plains UWCD No.1

North Plains GCD



2020 2030 2040 2050 2060 2070 2080
979,448 1,053,106 1,013,268 949,684 879,583 813,865 734,607

Armstrong 56,821 51,760 45,662 40,268 35,017 30,705 27,080
Carson 162,975 166,133 159,424 149,866 140,958 134,453 121,522
Donley 72,596 78,318 76,996 72,649 66,893 60,955 53,227

Gray 177,264 181,767 173,242 160,488 146,740 133,890 121,683
Hutchinson 8,506 10,596 11,774 11,792 11,403 10,782 9,586

Potter 23,972 22,260 19,549 16,487 13,579 10,997 8,803
Roberts 357,959 409,569 394,109 369,578 343,395 317,738 285,999

Wheeler 119,354 132,702 132,512 128,557 121,599 114,345 106,707
136,155 134,059 120,162 103,627 87,940 74,965 64,550

Hartley 15,523 16,391 15,601 14,319 12,962 11,654 10,413
Hutchinson 33,885 32,988 28,313 24,075 20,934 18,588 17,168

Moore 8,685 9,687 9,395 8,251 7,107 6,202 5,506
Oldham 40,412 39,092 36,116 31,239 25,989 21,407 18,004
Randall 37,650 35,901 30,736 25,742 20,948 17,114 13,460

3,186,332 3,150,084 2,917,940 2,671,264 2,430,072 2,207,245 1,986,974

Non-District Areas

GMA 1 Total

Ogallala/Rita Blanca Aquifer Pumping by Decade (acre-feet per year)

Panhandle GCD



Model Scenario Results
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2020 2030 2040 2050 2060 2070 2080
11,489 12,235 12,305 10,971 10,179 10,085 10,155

Armstrong 1,849 835 221 221 221 221 221
Potter 2,658 2,658 2,402 2,316 2,276 2,249 2,168

Randall 6,982 8,742 9,683 8,434 7,682 7,615 7,766
33,262 33,170 31,424 29,745 28,304 26,928 25,715

Dallam 15,953 15,549 14,687 14,045 13,502 12,920 12,406
Hartley 12,379 11,802 11,031 10,343 9,737 9,242 8,815
Moore 4,487 5,402 5,398 5,068 4,773 4,477 4,204

Sherman 444 416 309 289 293 288 290
35,405 44,836 45,885 45,599 44,643 43,623 42,403

Armstrong 5,302 7,107 8,105 8,607 8,830 8,909 8,895
Carson 6 6 6 6 6 6 6
Potter 30,097 37,723 37,774 36,987 35,806 34,707 33,501

207,317 236,532 231,191 218,086 200,544 179,456 162,332
Hartley 44,168 52,833 52,986 50,465 46,810 43,002 39,229
Moore 241 560 593 617 641 645 624

Oldham 143,936 153,889 145,622 135,482 124,602 114,645 105,122
Randall 18,974 29,250 31,990 31,523 28,491 21,163 17,357

287,474 326,773 320,806 304,402 283,670 260,092 240,605

Dockum Aquifer Pumping by Decade (acre-feet per year)

GMA 1 Total

Non-District Areas

Panhandle GCD

North Plains GCD

High Plains UWCD No.1



Model Scenario Results
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Consideration of  Environmental Impacts 
and Private Property Rights



The “9 Factors” to Consider
 Aquifer uses or conditions (10/28/2019)
 Water supply needs and management strategies (12/12/2019)
 Hydrological conditions (12/12/2019)
 Other environmental impacts
 Impact on subsidence (next meeting)
 Socioeconomic impacts (next meeting)
 Impact on private property rights
 Feasibility of achieving the DFC 
 Any other relevant information



The Balancing Test
Desired Future Conditions must provide:

“a balance between the highest practicable level of groundwater 
production and the conservation, preservation, protection, recharging, 
and prevention of waste of groundwater and control of subsidence in 
the management area” (TWC Ch. 36)
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DFCs Being Considered – Ogallala/Rita Blanca
 Dallam, Hartley, Moore and Sherman counties

–At least 40 percent of  the volume in storage remaining 
for each 50 year period between 2018 and 2080

 Hemphill County
–At least 80 percent of  the volume in storage remaining 

for each 50 year period between 2018 and 2080
 High Plains UWCD No. 1 within GMA 1

–20 feet average drawdown for each 50 year period 
between 2012 and 2080

 All Other Areas
–At least 50 percent of  the volume in storage remaining 

for each 50 year period between 2018 and 2080



DFCs Being Considered – Dockum Aquifer
 Dallam, Hartley, Moore and Sherman counties

–At least 40 percent available drawdown remaining for 
each 50 year period between 2018 and 2080

 Oldham and PGCD portion of  Potter, Carson and Armstrong 
counties
–No more than 30 feet average water level decline for 

each 50 year period between 2018 and 2080
 Randall and HPWD portion of  Armstrong and Potter 

counties
–No more than 40 feet average water level decline for 

each 50 year period between 2012 and 2080



Agenda Item 9
Consideration of Environmental Impacts



Other Environmental Impacts in TWC Ch 36

“other environmental impacts, including impacts on 
spring flow and other interactions between groundwater 
and surface water;”
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Additional Resources

• Groundwater availability model runs in District 
management plans use historical average interaction 
between groundwater and surface water

• District management plan GAM runs can be found on 
the TWDB website here: 
https://www.twdb.texas.gov/groundwater/management_areas/gma1.asp

https://www.twdb.texas.gov/groundwater/management_areas/gma1.asp


Agenda Item 10
Consideration of Private Property Rights



Private Property Impacts in TWC Ch 36

“the impact on the interests and rights in private 
property, including ownership and the rights of 
management area landowners and their lessees and 
assigns in groundwater as recognized under Section 
36.002;”



Private Property Rights and Impacts
 State is empowered to regulate groundwater production
 Regulation is essential to groundwater conservation and use
 Each landowner “owns separately, distinctly, and exclusively all 

the water under his land.” 
 Rules adopted by a District to achieve a DFC may have a potential 

impact on private property rights
 Impacts may be viewed as both restricting and benefiting 

property rights

Source: EAA vs D ay case as sum m arized by Keith  G ood’s presentat ion to G M A 1 in  2015
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Ogallala
Saturated Thickness Changes
from 2018 through 2080

For the DFCs, this is combined with the 
Rita Blanca



Rita Blanca
Saturated Thickness Changes
from 2018 through 2080

For the DFCs, this is combined with the 
Ogallala



Upper Dockum
Drawdown from 2018 through 2080



Lower Dockum
Drawdown from 2018 through 2080



Balancing Private Property Rights

May require some users to reduce
production or acquire more groundwater
rights

Minimizes well interference and
induced groundwater drainage between
property owners

Allow existing users to produce more
groundwater on existing acreage

Increased drainage from neighboring
landowners

Poses risks to water supply and needs
of future users May extend groundwater supply and 

levels to meet future needs

“Lenient” DFCs “Conservation” DFCs

Source: Evaluat ion of  private property rights described in  2016 G M A 1 Explanatory Report
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Ogallala: Drain Package Outflow for GMA1 Representing Springs, Escarpments and Draws
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Ogallala: River Package Inflow Minus Outflow for GMA1 (All Counties Combined)
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Lower Dockum: Drain Package Outflow for GMA1 Representing Springs, Escarpments and Draws



20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

20
65

20
70

20
75

20
80

Year

-2,000

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

22,000

24,000

26,000

28,000

30,000

32,000

34,000

36,000

38,000

40,000

42,000

44,000
RI
V
Pa
ck
ag
e
To
ta
lF
lo
w
In
to
(+
)o
rO
ut
Fr
om

(-)
Aq
ui
fe
r
(a
fy
)

Lower Dockum: River Package Inflow Minus Outflow for GMA1 (All Counties Combined)
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Of the counties with Lower Dockum present, only Armstrong,
Oldham, and Potter counties had non-zero DRN budget components.
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Upper Dockum (Layer 3) 
Predicted Drawdown, 
Years 2020 through 2080
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Lower Dockum (Layer 4) 
Predicted Drawdown, 
Years 2020 through 2080
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A Presentation to GMA 1 
Joint Planning Group

Wade Oliver, P.G.
WOliver@intera.com

281.560.4562

November 19, 2020

Consideration of  Subsidence and 
Socioeconomic Impacts 



The “9 Factors” to Consider
 Aquifer uses or conditions (10/28/2019)
 Water supply needs and management strategies (12/12/2019)
 Hydrological conditions (12/12/2019)
 Other environmental impacts (09/24/2020)
 Impact on subsidence
 Socioeconomic impacts
 Impact on private property rights (09/24/2020)
 Feasibility of achieving the DFC 
 Any other relevant information
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Agenda Item 7
Consideration of 

Subsidence Impacts



The Balancing Test
Desired Future Conditions must provide:

“a balance between the highest practicable level of groundwater 
production and the conservation, preservation, protection, recharging, 
and prevention of waste of groundwater and control of subsidence in 
the management area” (TWC Ch. 36)



Subsidence Concepts
Subsidence: Lowering or sinking of  the land 
surface, typically in response to removal of  
subsurface support

Compaction: A decrease in the volume (i.e. 
thinning) of  a geologic formation

At the surface

Beneath the surface



Subsidence Concepts

Sand Grains: Larger – Round(ish) Clay Grains: Very Small – Flat
Image Source:  Wilson44691 - Own work, CC0, 

https://commons.wikimedia.org/w/index.php?curid=37934665
Image Source:  USGS, Public Domain



Subsidence Concepts



Land Subsidence in the United States

Source: USGS Fact Sheet 165-00, Galloway and others, 2000



Statewide Subsidence Risk Assessment
Identification of the Vulnerability of the Major 
and Minor Aquifers of Texas to Subsidence 
with Regard to Groundwater Pumping 
(Furnans and others, 2017)
• Source information: Driller’s logs lithology, TWDB 

water levels, TWDB GAM hydraulic properties
• Three primary factors considered 

(clay distribution, thickness and compressibility; 
water level changes; and historical low water level)

• Concludes: Ogallala a “High” risk and Dockum a 
“Medium” risk of  subsidence



Statewide Subsidence Risk Assessment
Identification of the Vulnerability of the Major 
and Minor Aquifers of Texas to Subsidence 
with Regard to Groundwater Pumping 
(Furnans and others, 2017)
• Source information: Driller’s logs lithology, TWDB 

water levels, TWDB GAM hydraulic properties
• Three primary factors considered 

(clay distribution, thickness and compressibility; 
water level changes; and historical low water level)

• Concludes: Ogallala a “High” risk and Dockum a 
“Medium” risk of  subsidence



Conclusions

• There has been substantial water level decline in GMA 1 historically
• Subsidence has not been an issue and is unlikely to be an issue 

moving forward



Agenda Item 8
Consideration of Socioeconomic Impacts 

Reasonably Expected to Occur



Socioeconomic Impacts in the Regional 
Water Planning Process

• An evaluation of  the impact of  not meeting water 
needs during a repeat of  the drought of  record

• Analysis is limited to categories of  users with an 
identified water need (i.e. potential shortage)

• Socioeconomic Analyses by Region:
• Region A for 2021 assessment
• Additional information can be found here: 

https://www.twdb.texas.gov/waterplanning/data/an
alysis/index.asp

GMA 1 is Fully Within Region A

https://www.twdb.texas.gov/waterplanning/data/analysis/doc/2021/2021RWP%20Socioeconomic%20Impact%20Region%20Report%20-%20Region%20A.pdf?d=314647.66999997664
https://www.twdb.texas.gov/waterplanning/data/analysis/index.asp


From the 2016 
Regional Water 
Plans



Socioeconomic Impacts for RWP (2021)



Socioeconomic Impacts for RWP (2021)

Source: Socioeconomic Impact of  Projected Water Shortages for the Panhandle (Region A) Regional Water Planning Area (Ellis, 2019)



Socioeconomic Impacts in RWP Process
While the socioeconomic impact analysis developed for regional water 
planning is quantitative, it does not directly translate to the evaluation 
of potential desired future conditions:
• Limited to impacts of  unmet needs
• Influenced by availability of  other supply sources
• Does not consider potential negative socioeconomic impacts from groundwater 

production



Balancing Socioeconomic Impacts

Unmet water supply need(s)Lowering pumps, deepening wells, or
drilling more wells  

More today, less tomorrow

Influence on economic growth 

Impacts on groundwater 
production efficiency

Less today, more tomorrow

Impacts of Developing Groundwater Impacts of Not Developing Groundwater

Influence on economic growth 



Other Resources on Socioeconomic Impacts
 Economic Impacts of Selected Water Conservation Policies in the Ogallala Aquifer Report (Amosson et.al, 2014);

 Economic Impacts of Groundwater Management Standards in the Panhandle Groundwater Conservation District of
Texas (Weinheimer, 2012);

 Evaluation of Changing Land Use and Potential Water Conservation Strategies: North Plains Groundwater
Conservation District (Amosson et.al, 2014);

 Farm Level Financial Impacts of Water Policy on the Southern Ogallala Aquifer (Weinheimer, 2008);

 Multi-year water allocation: an economic approach towards future planning and management of declining
groundwater resources in the Texas Panhandle (Tewari et.al, 2014);

 Water Conservation Policy Alternatives for the Ogallala Aquifer in Texas (Johnson, et.al, 2007); and

 Letter of Opinion Concerning Texas Panhandle Land Values: Hemphill UWCD (Scott Land Company LLC, Clift Land
Brokers and the USFMRA Land Trends, 2016)
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the conservation, 

preservation, protection, 
recharging, and prevention 
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and control of subsidence in 

the management area” 
(TWC Ch. 36)

The Balancing Test



The Plan
Purpose: Review the “9 Factors” that have been 
considered and discussed in previous meetings.
The 9 Factors:

1. Aquifer uses or conditions
2. Water supply needs and management strategies
3. Hydrological conditions
4. Other environmental impacts
5. Impact on subsidence
6. Socioeconomic impacts
7. Impact on private property rights
8. Feasibility of achieving the DFC
9. Any other relevant factors
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1. Aquifer Uses or Conditions

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

Gr
ou

nd
w

at
er

 P
um

pi
ng

 (a
cr

e-
fe

et
 p

er
 y

ea
r)

Irrigation Livestock Manufacturing Mining Municipal Power

Groundwater 
Pumping by Use 
Type in GMA 1



1. Aquifer Uses or Conditions

Annual Pumping  
by Aquifer in 

GMA 1
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2. Water supply needs and management strategies 
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3. Hydrogeologic Conditions

Total Estimated Recoverable 
Storage (TERS) in 2015 –
The estimated amount of 

groundwater within an aquifer that 
accounts for recovery scenarios that 
range between 25% and 75% of the 

porosity-adjusted aquifer volume

Texas Administrative Code Sec. 
356.10

Counties with 
higher demand



As calculated, the 25% to 75% 
TERS range represents the 

approximate fraction of total 
storage in the aquifer that is in the 

water-producing zones (e.g. 
sands), not what is “recoverable” 

from those zones.
TERS is a simple volumetric 

calculation that does not account 
for many important factors that 
limit groundwater production

No consideration given to:
 Aquifer water quality
 Water levels dropping below pumps
 Land surface subsidence
 Degradation of water quality
 Changes to surface water-groundwater 

interaction
 Recharge
 Practicality/economics of development

Total Estimated Recoverable Storage - Limitations 

3. Hydrogeologic Conditions



4. Impacts on Other Environmental Factors

Groundwater production can:
 Influence interaction between surface water features and 

aquifers
 Reduce flow to springs 
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5. Subsidence Impacts – Subsidence Concepts

Subsidence: Lowering 
or sinking of the land 
surface, typically in 

response to removal of 
subsurface support

Compaction: A 
decrease in the volume 

(i.e. thinning) of a 
geologic formation

At the 
surface

Beneath 
the 
surface



5. Subsidence Impacts in GMA 1

There has been substantial water level 
decline in GMA 1 historically

Subsidence has not been an issue and is 
unlikely to be an issue moving forward



6. Socioeconomic Factors

• An evaluation of the impact of not 
meeting water needs during a repeat of 
the drought of record
• Analysis is limited to categories of 
users with an identified water need (i.e. 
potential shortage)
• Socioeconomic Analyses by Region:

Region A for 2021 assessment
Additional information can be found here: 
https://www.twdb.texas.gov/waterplanni
ng/data/analysis/index.asp

Region A and 
GMA 1

https://www.twdb.texas.gov/waterplanning/data/analysis/doc/2021/2021RWP%20Socioeconomic%20Impact%20Region%20Report%20-%20Region%20A.pdf?d=314647.66999997664
https://www.twdb.texas.gov/waterplanning/data/analysis/index.asp
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6. Socioeconomic Factors - Limitations

Socioeconomic impact analysis developed for regional water 
planning is quantitative, but does not directly translate to 

the evaluation of potential desired future conditions:
• Limited to impacts of unmet needs

• Influenced by availability of other supply sources
• Does not consider potential negative socioeconomic 

impacts from groundwater production



6. Socioeconomic Factors – Finding a Balance

Unmet water supply need(s)Lowering pumps, deepening wells, or
drilling more wells  

More today, less tomorrow

Influence on economic growth 

Impacts on groundwater 
production efficiency

Less today, more tomorrow

Impacts of Developing Groundwater Impacts of Not Developing Groundwater

Influence on economic growth 



7. Private Property Rights

 State is empowered to regulate groundwater production
 Regulation is essential to groundwater conservation
 Each landowner “owns separately, distinctly, and exclusively all 

water under his land.”
 DFCs can have a potential impact on private property rights
 Impacts can be viewed as restricting and benefiting property 

rights

Source: EAA vs Day case as summarized by Keith Good’s presentation to GMA 1 in 2015



7. Private Property Rights

“Permissive” DFCs
Allow existing users to produce 

more groundwater
 Poses risks to water 

supply and future needs
 Increased drainage from 

neighboring landowners, 
may reduce well 
efficiencies, and surface 
water 

“Conservative” DFCs
May require some users to reduce 

production 
 May extend groundwater 

supply and levels to meet 
future needs

 Minimizes well interference 
 Limiting groundwater 

drainage between property 
owners

DFCs

District Rules
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Saturated Thickness Changes
from 2018 through 2080

For the DFCs, this is combined with the 
Rita Blanca
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Saturated Thickness Changes
from 2018 through 2080

For the DFCs, this is combined with the 
Ogallala
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8. Feasibility of achieving the DFC

 Physical Feasibility: 
As demonstrated in the model run, the DFCs being considered in 
GMA 1 can each be achieved simultaneously

 Regulatory Feasibility: 
The DFCs being considered in GMA 1 can be achieved using the 
existing regulatory tools available to the GCDs



9. Any other relevant information

The GMA 1 members and consultant did not identify any 
additional considerations not covered within the other eight 
factors warranting further review



Questions and 
Next Steps



 
 
 

 
DESIRED FUTURE CONDITIONS EXPLANATORY REPORT 
Groundwater Management Area 1  Page 75 

 

 

 

 

 

 

Appendix V 

Summary Reports and Public Comments Received 





 
 

PUBLIC COMMENTS REGARDING PROPOSED DFCs  
RECEIVED BY MEMBER DISTRICTS 

 
DISTRICT HEARING DATE COMMENTS 

Garza County UWCD April 29, 2021 No public comment 

High Plains UWCD June 8, 2021 No public comment 

High Plains UWCD July 13, 2021 
Two persons offered oral comments 
One written comment received 

Llano Estacado UWCD June 17, 2021 No public comment 

Mesa UWCD June 16, 2021 No public comment 

Permian Basin June 15, 2021 No public comment 

Sandy Land UWCD June 16, 2021 No public comment 

South Plains UWCD June 15, 2021 No public comment 

 
 

Minutes of July 13, 2021 HPWD Public Hearing at Canyon 
 

AGENDA ITEM # 4 -- The Board will receive public comment on: (a) Proposed 
DFCs for relevant aquifers in GMA1 and (b) Proposed DFCs for relevant aquifers 
in GMA2. 
 
President Tate invited those present to offer public comments regarding the 
proposed DFCs for Groundwater Management Area # 1. 
 

• Jim Steiert of Hereford told the Board that setting a Desired Future Condition 
is a difficult and elusive topic. He is impressed by those in Hemphill County 
who have worked to set a DFC that allows for preservation of springs. Steiert 
said he believes it is a fallacy for water planners to say we will have a 
percentage of water left 50 years in the future. People are running out of water 
now. We have attempted to manage the resource all these years—but have we 
really been successful? He encouraged the GCDs to work harder to preserve 
and recharge the water we currently have available--so that it will be available 
in 50 years. This includes taking care of playas for improved recharge to 
aquifers, promoting rainwater harvesting, and educating the public. 

 



 
 
President Tate invited those present to offer public comment regarding the proposed 
DFCs for Groundwater Management Area #2. 
 
No comments were received. 
 
President Tate then invited any other members of the audience to comment on 
proposed DFCs in either GMA. 
 

• Chris Grotegut of Hereford told the Board that he understands the legal 
ramifications of GCDs not setting a DFC within their respective GMA. Setting 
a DFC is a difficult target for GCDs. It is a fact that some areas will have water 
in the future while other areas will not. However, Grotegut said it is important 
to realize that "zero = zero." No water equals no life in those areas. If some of 
the area is converted to grasslands, then some portions will recover quickly 
and others will not. In his opinion, it is important to balance water usage with 
recharge to the aquifer. This is probably not possible--but he wonders how 
low people are willing to drop the water table level. 

 
Both Grotegut and Steiert commended HPWD for its dedication to educating young 
people about the importance of water and water conservation. 
 
As a matter of record, the only comments received prior to today's hearing is a letter 
from Hadley Perkins of Amarillo. It was mailed to HPWD on June 21, 2021. A scanned 
copy of the envelope/letter was emailed to the HPWD Board of Directors on June 23, 
2021. 
 
The deadline for written public comment is 5 p.m., Friday, July 30, 2021. 







SUMMARY REPORT FOR COMMENTS RECEIVED DURING 

90-DAY COMMENT PERIOD FOR PROPOSED STATEMENTS 

OF DESIRED FUTURE CONDITIONS 

 
Prepared by the Panhandle Groundwater Conservation District for 

consideration by the District Representatives in Groundwater 

Management Area 1 in compliance with the requirements of Texas 

Water Code Section 36.108 (d-2) 

 

July 29, 2021 



INTRODUCTION 

1. The purpose of this Summary Report is to document a compilation of 

comments received during the 90-day public comment period by the 

Panhandle Groundwater Conservation District (Panhandle GCD) regarding 

the proposed desired future conditions (DFCs) adopted by the District 

Representatives of Groundwater Management Area 1 (GMA 1). The 

Panhandle GCD covers all or parts of 8 counties in the Texas Panhandle as 

illustrated in Figure 1.  

 

Figure 1. Location of Panhandle GCD. 

For reference, Texas Water Code Section 36.108 (d-2) states as follows: 

The desired future conditions proposed under Subsection (d) must 

provide a balance between the highest practicable level of 



groundwater production and the conservation, preservation, 

protection, recharging, and prevention of waste of groundwater and 

control of subsidence in the management area.  This subsection does 

not prohibit the establishment of desired future conditions that 

provide for the reasonable long-term management of groundwater 

resources consistent with the management goals under Section 

36.1071(a).  The desired future conditions proposed under 

Subsection (d) must be approved by a two-thirds vote of all the 

district representatives for distribution to the districts in the 

management area.  A period of not less than 90 days for public 

comments begins on the day the proposed desired future conditions 

are mailed to the districts.  During the public comment period and 

after posting notice as required by Section 36.063, each district shall 

hold a public hearing on any proposed desired future conditions 

relevant to that district.  During the public comment period, the 

district shall make available in its office a copy of the proposed 

desired future conditions and any supporting materials, such as the 

documentation of factors considered under Subsection (d) and 

groundwater availability model run results.  After the public hearing, 

the district shall compile for consideration at the next joint planning 

meeting a summary of relevant comments received, any suggested 

revisions to the proposed desired future conditions, and the basis for 

the revisions. (Emphasis added) 

 

The GMA 1 District Representatives unanimously adopted proposed desired future 

conditions (DFCs) for GMA 1 on March 18, 2021. The proposed DFCs, along with all 

supporting information including consideration of the nine statutory criteria 

included in Texas Water Code Section 36.108 (d) (1-9), were mailed to all GMA 1 

GCDs on March 29, 2021. The 90-day public comment period concluded on June 

19, 2021. Desired future conditions required in the joint-planning process are 

defined by the Texas Water Development Board in 31 Texas Administrative Code 

Section 356.10 (6) as follows: “Desired future condition--The desired, quantified 

condition of groundwater resources (such as water levels, spring flows, or volumes) 

within a management area at one or more specified future times as defined by 



participating groundwater conservation districts within a groundwater 

management area as part of the joint planning process.” The proposed DFCs 

adopted by District Representatives in GMA 1 for Panhandle GCD are as follows: 

 

• For the Ogallala Aquifer, at least 50 percent of volume in storage remaining 

in each 50-year period of 2018 – 2080 in Carson, Donley, Gray, Hutchinson, 

Roberts, and Wheeler counties and within the Panhandle Groundwater 

Conservation District in Armstrong and Potter counties. 

• For the Dockum Aquifer, no more than 30 feet average decline in water levels 

for each 50-year period 2018 – 2080 in Carson county and within the 

Panhandle Groundwater Conservation District in Armstrong and Potter 

counties. 

 

The Panhandle GCD public hearing was held on May 11, 2021, at the Panhandle 

GCD offices in White Deer, Texas. See Attachment A for a copy of the public notice 

for the hearing. Approved meeting minutes for the Panhandle GCD public hearing 

are included as Attachment B. After introductory remarks by Panhandle GCD Board 

member Danny Hardcastle an overview of the GMA 1 joint-planning process was 

provided by Panhandle GCD General Manager C.E. Williams. See Attachment C for 

a full copy of this presentation. 

 

PUBLIC COMMENTS RECEIVED 

No Public comments were received. 

SUGGESTED REVISIONS TO THE PROPOSED DFCS 

Texas Water Code Section 36.108 (d-2) concludes with the provision that, at the 

conclusion of the 90-day public comment period, an element of the summary 

report prepared for the GMA may be any suggested revisions to the proposed 

desired future conditions that a district may request the district representatives of 

the GMA to consider. At the regularly scheduled meeting on M the Panhandle GCD 

Board of Directors, after discussion and consideration of this summary report, 



instructed the General Manager to notify GMA 1 that it did not have any 

substantive changes to request to the proposed DFCs at this time. 

 

Submitted to the GMA 1 Joint Planning Committee by: 

 

____________________________ 0n August  , 2021. 

C. E. Williams, General Manager  

cew
Stamp







Public Hearing on Adoption of 
Desired Future Conditions

Panhandle Groundwater Conservation District
201 W. 3rd Street

White Deer, Texas 79097

May 11, 2021



Presentation Outline

• Purpose of public hearing – legal requirements
• What is a “Desired Future Condition”?
• What is Groundwater Management Area 1?
• What are the proposed Desired Future Conditions for 

the Panhandle Groundwater Conservation District?
• What steps are left in the current joint-planning 

process?



Purpose of public hearing

• Texas Water Code Section 36.108(d) requires 
groundwater conservation districts to consider 
groundwater availability models and other data or 
information for the management area and to propose 
for adoption desired future conditions for the relevant 
aquifers within the management area.



Purpose of public hearing
Texas Water Code Section 36.108 (d-2) requires a period of not 
less than 90 days for public comments to begin on the day the 
proposed desired future conditions are mailed to the districts. 
During the public comment period and after posting notice as 
required by Texas Water Code Section 36.063, each district shall 
hold a public hearing on any proposed desired future conditions 
relevant to that district. During the public comment period, the 
district shall make available in its office a copy of the proposed 
desired future conditions and any supporting materials, such as 
the documentation of factors considered under Subsection (d). 
After the public hearing, the district shall compile for 
consideration at the next joint planning meeting a summary of 
relevant comments received, any suggested revisions to the 
proposed desired future conditions, and the basis for the 
revisions.



Groundwater Management Areas 
and Desired Future Conditions

• TWDB designated 16 groundwater management areas (GMAs) across the state 
that include all major and minor aquifers.

• Beginning in 2005, the GCDs in each management area are charged with 
engaging in joint planning and developing Desired Future Conditions (DFCs) for 
the aquifers.

• There can be different DFCs for different aquifers, subdivisions of aquifers, or 
geographic areas.

• TWDB Rule 31 TAC 356.10 (6) defines DFCs as follows: “Desired future 
condition--The desired, quantified condition of groundwater resources (such as 
water levels, spring flows, or volumes) within a management area at one or 
more specified future times as defined by participating groundwater 
conservation districts within a groundwater management area as part of the 
joint planning process”





GMA 1 Considerations 
1. Aquifer uses or conditions, including conditions that differ 

substantially from one geographic area to another
2. Water supply needs and strategies in the SWP
3. Hydrogeological conditions, including TERS, recharge, inflows, 

and discharge
4. Other environmental impacts, including impacts on spring flows 

and other surface water and groundwater interactions



GMA 1 Considerations (Cont)
5. Impact on subsidence
6. Socioeconomic impacts reasonably expected to occur
7. Impact on interests and rights in private property, including 

ownership and the rights of landowners, their lessees and 
assigns

8. Feasibility of achieving the DFC
9. Any other information relevant to the DFCs



GMA 1 Required Considerations

• Groundwater models 

• The 9 statutorily required factors were discussed in 10 separate Joint 
Planning meetings held between August 6, 2019  and January 18, 
2021.

• To confirm the 50/50 DFC



Balancing Test to be met by GMA 1
• Balance 

• between two outer limits or “book ends”
• highest practicable production and conservation, 

recharge, etc…

Highest practicable 
level of 

groundwater 
production

Conservation
Preservation 

Protection
Recharge

Control of Waste
Subsidence

Balance



Materials considered for proposed Desired 
Future Conditions for Panhandle Groundwater 
Conservation District

May be viewed at:
https://www.panhandlewater.org/gma-1

https://www.panhandlewater.org/gma-1


Desired Future Conditions Adopted for 
GMA 1

GMA 1
The proposed desired future conditions adopted by District Representatives 
of Groundwater Management Area 1 for the Panhandle Groundwater 
Conservation District are as follows:
• For the Ogallala Aquifer, at least 50 percent of volume in storage remaining 

for each 50-year period between 2018 – 2080 in Carson, Donley, Gray, 
Hutchinson, Roberts, and Wheeler Counties and within the Panhandle 
Groundwater Conservation District portions of Armstrong and Potter 
Counties.

• For the Dockum Aquifer, no more than 30 feet average decline in water 
levels for each 50-year period between 2018 – 2080 in Carson County and 
Hutchinson counties and within the Panhandle Groundwater Conservation 
District portions of Armstrong and Potter Counties.



50/50 Desired Future Condition and 
Panhandle GCD

• The proposed Desired Future Condition (DFC) for the Ogallala Aquifer 
in the Panhandle GCD, “at least 50 percent of volume in storage 
remaining for each 50-year period between 2018 – 2080” is a 
continuation of the DFC adopted by GMA 1 during the last round of 
joint-planning in 2016.

• Even more important, the 50/50 DFC is a continuation of the 
management goal adopted by Panhandle GCD in 1998.

• As such, the Panhandle GCD has operated and will continue to 
operate under a consistent management goal and regulatory 
structure for more than 20 years.



Estimated Modeled Available Groundwater

• Amount of Groundwater 
produced and achieve the 
50/50 DFC

• Panhandle Groundwater 
Conservation District on a 
county-by-county basis

Decade 2020 2030 2040 2050 2060 2070 2080

Armstrong 56,821 51,760 45,662 40,268 35,017 30,705 27,080

Carson 162,975 166,133 159,424 149,866 140,958 134,453 121,522

Donley 72,596 78,318 76,996 72,649 66,893 60,955 53,227

Gray 177,264 181,767 173,242 160,488 146,740 133,890 121,683

Hutchinson 8,506 10,596 11,774 11,792 11,403 10,782 9,586

Potter 23,972 22,260 19,549 16,487 13,579 10,997 8,803

Roberts 357,959 409,569 394,109 369,578 343,395 317,738 285,999

Wheeler 119,354 132,702 132,512 128,557 121,599 114,345 106,707

Total 979,447 1,053,105 1,013,268 949,685 879,584 813,865 734,607



DFC Adoption Process 

GMA considers 
9 statutory 
criteria and 

balancing test

GMA proposes 
DFCs for adoption  
March 18, 2021 –

vote of 2/3 majority 
of district reps

90-day public 
comment period 
begins March 28, 
2021 districts in 

GMA

Individual 
districts hold  

public hearings 
within their 
boundaries

Individual 
districts prepare 
summary reports

GMA reps meet to 
consider summary 

reports, any 
proposed changes 
to DFCs, and adopt 
DFCs by 2/3 vote

GMA submits 
explanatory 

report to TWDB 
and to districts

Individual 
districts adopt 

DFCs

TODAY



What steps are left in the current joint-
planning process?

Adaptive Management Process

1. Setting 
Desired
Future 

Conditions

2. District
Management 

Plan

3. District 
Rules



Panhandle GCD Public Hearing on 
Proposed DFCs

• The proposed DFCs and supporting materials for the Ogallala and Dockum 
aquifers are available for review and inspection at the District’s office at 
201 W. Third St, White Deer, Texas.

• This information is also available on the District’s website at www.pgcd.us .
• Public comments will be accepted by the District through June 28, 2021 at 

the District office by mail or email or today during the public hearing.  
• For more information, please contact C.E. Williams at the District at 

cew@pgcd.us or 806-883-2501.
• Comments and questions

http://www.pgcd.us/
mailto:cew@pgcd.us
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